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FORiWORD \ : ' : : 

This report is the aocount of a projeat aimed at invest-- 
igating marketing aspects and managerial decision making 
for information services of the kind that provide on- 
line searching of scientific and technical bibliographic 
informatiQji, These servic^es will henoeforth be caiaed 
information search services^ or iSS^s. ; > 

The project hap been supportea by the Swedish Council V 
for Scientific Infonnation and Documentation (SINPDOK) . 

Findings from the project hpve been presented in the 

followi^ng reports and papers (acronyms to ba'''^e:e^d^^^ 

this report .are given in^ .parentheses')^ '''^^i;- 



(DMISS) Lindquist/M* G, , "Dynamic Modeling of 
Iniformation Search Services - A Simple 
Reiipurce Allocation Model " ^ WR 862-76, 
Sloan School of 'Management ^ M.I.T.^ Cam-- 
bridge, Mass., June 1976. Also available 
as report 762063, The Swedish Cbuncil .for 
.Scientific Information and Documentation, 
Stockholm, 1976. ' 

^ iGqiSS) Lindquist, M. G. , "Growth Dynamics of In- 
formation Search Services", report TRITA^ 
LIB^6009, The Royal Institute of Techno-' 
logy Library, Stockholm, November 1976. 
(Abridged version to appear in JASTS) . 

(ECSISS) Lindquist, M. G. , "An Explanation of the 
Coming Stagnation of Information Search 
Services",, - On-rine Review , v. 1, n. 2, 
-„ (June 1977) , pp/ 109-116, 



In addition, an overview of the project has bees pre- 
sented at the 1975 annual meeting of the American Soci^ 
fety for Infontiation Science, ASISr 

Lindquist, M. G "Dynamic Modeling of 
^ Information Services - Project Overview", 
Proc. ASIS , V. 12, pp- 43^44. 
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The present report consists of four chapters: ./ \ 

i • Chapter one / , Description of^ the Research Project, 
gives" the background for the study and a dlscuaar 
ipn about theojrfetical foundations and methodolqB|, 
The main^resuXts 'iire presented, and general con^ 
' clusiQns from the *Btudy are drawn. 



Chapter two ^ Growth E)ynamlcs of Information Search 
Services7 is a .revised ^version of GDISS, pp, 1^32, 

Chapter three , ISS2. Model Description r A Theory 
of TSS Growth, is a rewritten model description 
that builds on the description in GDISS (pp.35-62). 

Chapter four . An Explanation of the Coming Stagna^ 
tlon of Information Search Services, is the paper 
ECSISS, reprinted by permission* ^ 



Many people have helped me in many ways to bring this 
study to a conclusion. It 19 my pleasure to thank 
them, , 

My first thanks go to the Swedish Council for Scienti-" 
fic Infformation and Documeritation, SINFDOK, and the 
people there who have supported my work and made fund^ 
ing possible. J . ^ 

while .at the Sloan, School of Management of the Massa^ 
chusetts Institute of Technology my initial modeling 
efforts we^e guided by .professor Edward Bp Roberts. His 
help and encouragement are appreciated. . ■ 

For me the "System Dynatnics^ Friday Morning Group" was 
a unique source of inspiration and, support.- The compe- 
tent criticism Mnd the continous enbouragement from the 
group have been invaluable , and any eKpression" of 
.thanks will be inadequate, 1 can only acklowledge my 
debt to sDavid Andersen, Mike Garet, ' All Mashayekhl,. 
and George Richard sort. » . 
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I have received much cooperation aind help from the staff 
of existing iss's which have beeh valuable ' for the model 
formulation.' 'I want to thank Roland Hjerppe of the' RITL- 
IDC (Stockholm) and Mary Pensyl of ■ NASlfi/MIT eapeciai;.y. 

In Stockholm profeflaor Bdrjs Langefo^s has been my 
thesis advisor. His persistence in not leitihg me get 



^ith half -thought ideas has improved my dissertation 
significantly. I appreciate this guidance. 

Since I started the write-up of the project'l have bene- 
fitted from my interactions with the SRlPrgroup, later 
to form the Paralog AB company; i want to thank Mats 
Lttf Strom, Christer Bryntesson, and Rolf Larkao^. Their 
general support and 'Di bestammer vi det ' a hkve not 
been without effect. 
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moral, and practical assistance he has given me d%ing 
the past year. 
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help and quality work. with the preparation of the manuA 
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CHAPTER ONE 

DESCRrpTION OF THE RESEARCH PROJECT 
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aI. information SEAf^CH SERVICES 
Indroductlon and ^aakground 

i. ^' . ' 

The growth in the volume of scidntifle and technlcrnl 
information has followed an exponential path ainco tho 
mlddlG of the eightoonth century and hhn now reached 
a level df over 100 000 published journals* The noad 
for efficient proce^dures for searching and accegsing 
the body of recorded knowledge has increased accordingly 
and resulted in a number of changes in these proeedures* 

The traditional depositories for literature are lib- 
raries an^a the traditional access tools are the 
library catalogs. As long as the volume of the lit^ 
e^ture in a particular Bclentific fiold was small 
it was postffble for a special library to have a com^ 
prehensive collection and a search in the local cata- 
loge could give satisfactory answors to "what and 
where" questions about scientific information. The ^ 
first attempts to cope with the growth of information 
volume therefore^ naturally, -Involved changes in the 
cataloging procedures. As early as the middle ages 
•cataloging procedurcis began to change towards control 
of the actual documents, whereas before that^ the pri-- 
mary goal was to provide wjontrol of their content 
(Dattacharyya, 197^) - a change that seemn to be a 
response 'to an increase In volume. Jjatm^, when I t 
became impossible for one library to acquire all tho 
relevant literature in a field, coo^porativo agreomonts 
between libraries were developed, and union catalogs 
provided the answers to "what and whero^" questions . 
Library cooperation was, however, not Hufficient to ' 
cope whith the growing volume of literature, and 
patrons of the* cooperatives could not get exhaustive 
answers to their "what and where" questions; , One part, 
of the problem is that library collections ini. general 
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are fjrQWlnq slower that thm literature: n LyplcaJ 

doubling tlmn for .library eol l€!cti.ona In clase tc> 20 

years (Baumol A MarcUR, 1973) whereas that for the 

ecinntlfin litorcituro In 1 . Thf? other part Lh dup 

to Btruntural chanqen in t he bcI ent I f in H tnraturc . 

From earlieat days to the prriBent there haa been a, 

trond t:ownrds morn npncl a I 1 ?:nt inn which han b^rn 

rufl octroi in n morn dntnllnd siiixH v Ln Ion nf t ha 111^" 

raturc, Thc^ ('onHfUfunncn for thf' llbrarinr; hnn \)onn 

V ^ , 

that two 1 ibrnrii^n whith a nliqhtly diffc^rfnit !nib)r»c:t 
orientation cnn nnd up ha^int^ nubntnnt 1 al 1 y difrfMpnt;^ 
(U)l \iH:iioJ\n whith incrf^/JHod dif ficult Ins for the 
patrons to Ipcalf* t hf> literatures fil IntnmMt . At^ fhf^ 
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namv tinif^ u;/ t hro i ri t rfMul towardf; mon- fipt^cHali/a- 
tlon thnro in a t. rnnd lowardH lni«M cli ru: i pit nar i ty 

(Hnzaa, 1^7 1) whic'h f ui t hnV mchicnn f hf* r'tiancNM? nf any 
one Library boinq aijlf^ \n cj i vr nKhauMtivn anjiwnrr; fr? 
"what anci whom'* r|Ufvit 1 f uh; , . 

Tho pioblnm nt loqirnl acrnnn tn tho IJtfMatrtic* WAh 
t urt hfM cuih. ui^M^d by t hf^ in(MfVi:;pd iiufior fanoo of t hr 
journal artiolo as the* vuhicio for tl i 54S(Mii i nal i no 
nciantJlic knowif^dM*.- iiincn fhr t ^ar 1 1 t i r)na 1 lilHary 
cafaluq:; do not qo druqx^r t haii to \Mo Invol ol jOUr^Dal 
vo L uilioM . HotH)ndai'y jcMirna 1 s , u i aiin t ratM )(Hirna I , . 
wvxv publishod iri r(^iqjon!i(> t r ) thin noiMi. M'Iumw^ loinnal 
wi^rr^ publhduMl by loarnfHi nocif^ti*-^ or ])ro 1 c -!;fH ona 1 
ar;:;fH:iat iorin and i^ontaiiU'tl abst rMcM i; aiui hoxu^iu^ in- 
formation about artlQifce in tdu: F^riiuary jouinalL; 
oi intoroMit, Tht^y fjnqrin to apiMj.n^ .o-cnirui lH4n aiu; 
tiinir nunibnr has boc^n qrowinq »»xp^HV^n f i a 1 1 y , at t.hn 
name rato <ir; fho numljco^ of primary ioUTrial:;, fdncu the 
lattet' part. tho n 1 not.ec»n th CfMit u ry . { sou I'Moure 1) . 
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s*'>oonrj.n y jour fhi I s wa#i but a f oinpor ,n v -o} uMmu^ f o 
tho [Hc^bloni m{ dot .1 i h\i"^.<)(H oa 1 ^iu 
titit^ Mf^rnftJro, Af rir^^ii^ wo 
appr r).udioH to 1 1 ov i ,u o sf^^^v 



fcu'riifit i,)n •;.•[ vir;.-:; ur,;,. in,.u;h i nf-f V< M s 

''''''I'l'f O i h 1 i o,iivi[.!n (• i n f (u m.i t i ,Mi ,)n.O,i (i-'s.-t 1 pi j , ui 
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of content rrnnglng frrim koywordB to ataatracts, Tho 
jifirvtcn provided by thnoo " Inforniation search Hervibes"^ 
rSB'n^ 1,B to pro\^i^o n list of literature i^eferencea, 
Rofnotlmofl with /in eabstracit of Rummary^ in rm'pponBm to 
a cjiiory from a uHfr. ' 

ffi thf' iilfuil c'n?W lUv TSH prnvldnn aaau^B to ''tho 
/■wor ldn"5i" nrj inn t i f ic and tochnlca l ll tGraturG hut In 
reality t hr^ cMivfi rntfp o f the- llteraturn if^ aonstrained 
in many ways. Oft^in an IBS kfp with a particular 

niarknt; in'mind, nithnv'hn t.hn basis of subjocb ^pocia- 
li /ation oi: f qan 1 ^at i<)na 1 (^onstrainta , 



Ft nni aboiit I-^GO to f oar ly 1 970 " n tho main function 
nS till* ir;frf; w.n; t c) provldt* a ^^currGnt awaronenFi*' sor- 
vif-*s also .mIIimI SiOncMivr iJiH^eminat lon or Tnforma- 
t if)n (r^DI ) , f>r Imarl ly bannd^cui printed secondary ^Jour-' 
n-ils. M*hp lis'^r!; of t hnnn M/^rvicnB HUbBOrlbed to soar-^ 
c'iio!^ by •MibmlttirHi an intonf^nt profiln which wds' mat- 
r'hfMl ,ii|,iinst I ht^ pnrlndically i nfiuod ^ data base; The 

,.sultin<| 1 1 iM nf t oimmumm; wan thbn mailed to the ■ 
\i:\t}\ . T\\v ipjativc^ ruiccnHB XjI Lhu 'SDI-SOrvicCB , to- 
ri#a1ior with Mip ! fu: t tluit marhl nc-^TG adnbl e information^/ 
basc^n Wf^rr* ac-cMimu 1 a t i nq , mati\Mtud rittomptH to^ro^ 
viih' r f^t rrv;pf>iM i^vc !Jo,iT(4i sc-rVicnH. Fur t ho UHorn . = 
this fTUsuit that a now uilorrHt.nr ncarch profiia 
,M)iiIfi h^^ tn.jtclioa .iqainnt t he accUmulatnci data .base 
.iiul inVt only aqnnist t oiq lircim i nq acid i h i ons . Th(f maih 
pLobeini wat^ t^^ t it\d nconoiiii ca 1 ly CeaBlblu ^ays .ot 
p M 'r p:;m 1 nq t hi ' > 1 uni i ih >(iM it) forniat inn * DQcA^eaHinq 
(Mists f ur- 1 II lorinn t i r Ml f;trwvHfo and hir ttn.pcnmmuni- 
tMtinnii nuul*^ H poBHibin tfj (^K[H^r i mc^nt^ and develop 
systems foi tht'se^ rr q. rospr^c t i. ve search sdrvicos. To- 
flay the principci] effort in the docuinen tatlon finld 
IS t o dev(vlot) t^iirt hei' tho re t i^o spec t i ve search capa-- ^ 
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bility. using on-line computing technology and t^ find 
economically and organizationally reasible structures 
for ISS's. / * / I ' 

There are parallels between the developmerit of ISS^^s 
and the introduction of secondary ^journals in the 
1840"s, and it is interesting to note the symmetry 
in Figure 1. It is still to early to make projec= 
tions for long term growth slnca the number of ISS^a 
is dependent on many other factors, such as compu=' 
ting and communication hardware, library networking, 
and' the structure of the publishing industry. 

Organizational Settings 

Information search services are costly. DGvelopment 
costs for a comprehensive search system is of the 
order 1 - 3 million dollars. The generation of the^ 
data bases requires much intellectual work: evalua^ 
tion, sifting, analysis, and sometimes indexing. Data 
base maintenance is a complex operation since indices 
have to be updated at^^'^^^e same time as the data base 
itself* Access to the ISS requires terminal?; and othor 

w 

communication equipment, and although its cost is 
rapidly declining it is still hic|h. 

The cost structure is. characteri?:ed by hicjh Fixed cost 
and low variable cost. The former is due to tfie advan-- 
ced technology required and the size of the databaHOS; 
typically more than half the total coinpiitt^: charcjet; 
is for data liase maintenance and storaqo {barHsan ot 
al^, 1^76) . The low variablt^ cost is due to the in = 
trinsic e f f ictency of modern comput iiu] and ctimmun i - 
cation equipnicn t (compariHi to the in f cuiiui t on prn.^- 
cessing c a pa hi li ties of humane; ) , With Mi f s com i u i rue- 
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ture it is natural that "utilization", or '^business 
volume's is central to any study of ISS's. 

Tho utilization of ISS's is growing but is still not 
high onough considering the high costs. There is a 
substantial reliance on subsidies of various kinds, 
Tlie typical ISS is part of a larger organization, 
m.q. a library, and receives revenue through the bud- 
geting process of that organization* 

The economics of information search services has con-- 
tributed to the deve^lopment of a market structure 
which consists of relatively few service suppliers, 
or wholesalers, and a larger number of ISS's, or 
retailers, (Gardner, et al. , 1974). The "users" of an 
ISS are the end-users of the information, e*g, an 
individual scientist or engineer. In some cases, how- 
ever, the service supplier "sells" his oorvice to an 
organization as a whole for in-house use. We can de- 
sign two ideal models for the delivery of information 
search services: the "public" service and the "in- 
house" service. To clarify the organizatior il setting 
for the typical ISS it can be useful to dincuss the 
differences between the two ideal models. It should 
be noted that ^tt it^ not the information, search ser- 
vi<^e per se but the orqanizational context which de- 
termines which is the appropriate model for studying 
the utilization of the system. 

For an in-hou^ln service the number of users is more 
or less fixed and the c|ruwth criterion is the number 
of quorios (or aeeosses to the system). The primary ^ 
performance constraint is nOt strictly economic since 
the deciHion to acquire the ric]ht to access has been 
made and there in not hopc^ of passing the costn to 
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other accounts. There is, however, an implicit cost 
consideration in the assessment of the utility gain 
from the system. 



Fgr a public service, i.e. the iSS's that are the 
object of this study, the growth criterion is .the 
number of users since this is the prime determinant 
of the volume of^ business. There is usually an eco- 



"PUBLIC" 



'IN HOUSE 
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noinic performance constraint (Schwarz, 19 76 and 
Gardner et al . , 1974), which can be explained by 
the fact that the users normally^ a^e frome outside 
the departinent retailing the service, even though 
they typically belong to the same sperordinate orga 
nation. 

The two models are illustrated ip Figure 2. 



T he Structure of an ISS 

To illustrate the structure of an iTiformation sear 
service we can relate its functions, in terms of 
"machines", to the overall activity of user access 
to the scientific literature (Pigwre 3) . 




Figure 3 
The structure of an ISS 



The function of the library machines is. to locate a . 
specific document and make it available to the user. ^ 
The' function of the abatracting" machines is to Grea,te 
a machine-readable description of docmnents, inclu- 
ding a description of the content, for the purposes 
of this study we assume that the operation of these 
two types of machines is done by organizations" other 
than information search 'services . 

' The function of an ISS is to respond to a query, or 
search request, from a user by performing a compu- 
terized searfah in the information base to locate 
literature references of relevance to that request. 

The language used "by the abstracting machines is 
different from that, of the typical user and the first 
task for the ISS staff is to translate the user's 
search request into the appropriate query language. 
This process can be described as finding the appro- 
priate key-words ck search terms. In an on-line envi- 
ronment this process is usually done in stages, so 
that intermediate search results are, at least parti- 
ally, displayed 'and evaluated and on basis of this 
evaluation the search statement is modified. It is, 
however, important to have the user be specific about 
his search request, and typically he is asked to sub- 
mit his request in writing. These written search re- 
quests are analogous to orders in a manufacturing 
firm, and they are subject to two primary scheduling 
delays: the subject specialty of the request is mat- 
ched with the subject competency of the ISS staff and 
with the coverage of the available data base. The 
latter matching introduces a delay since, because of 
storage limitations on part of the information supp- 
lier, it is common to make only part of the total 



information baea aviilaBle at any one time* System 
*down-time adds^ to this delay. 

In all on-line^ information search services the delays 
due to scheduling and distribution fexceed the actual 
search time at the computer terminal by several order 
of magnitude* ^ . = 

The actual role of the ISS staff varies: in some case 
the staff c/arrie.5^ out the searches, either with the 
user present or alone, and in othei: the user does the 
actual searching with the ataff member coaching. In 
either case the output of the ISS^i^ dependent on the 
staff resources ^available, | 




fl. THEORETICAL FOUNDATIONS AND METHODOLOGY 

Underlying theories - . 

A study of Information search services and ^eir growth 
must, like any other study that involves customers and 
their interactions with the service or. business, rest 
on theories of customer behaviour. In the following a' 
discussion will be given" that explores the two, factors 
that attract users to the service and. how the users 
respond to a decline in the quality of the service. 

To describe the factors .that attract users to the ser- 
vice the needed theory is one of the determinants of 
sales. Pr-ice and quality are the two mdst commonly 
studied 'determinantr but"; in dynamic analyses delivery 
^delay is often studied explicitly. It is posiible to 
include delivery delay in either price (by introducing 
out-of -stock cost) or quality (by having "speed" or 
"availability" as a dimension of quality) but some- 
times this is not desirable.' 

The problems relating to pricing of information and 
documentation services have received some attention in 
the literature and in policy making bodies. There is, 
however, evidence that price is not a primary deter- 
minant of sales. 

In a Swedish study of price as a policy tool for tech- ' 
nical Information and documentation services (Gustafs- 
son, 1976) it was found that price is 'likely to be of 
secondary importance provided the service is seen as 
useful by the consumers. 



There has been little direct experimentation with price 
changes but indirect evidence can be found in analyses 
of the effects of changes in price for SDI-services . 



Hjerppe (1977) repoj:ts that when the .price oE the roC 
service was raised 50%' subscriptions dropped only 8% ^ 
whicTT indicates a low, price elasticity. The same con- 
clusion c^n be drawn from Zai's' (1976). thesis, where 
an exainple is cited (p 91) : for' the Dow Current Aware- 
ness Service the price elasticity of demand was found 
to be 0.19. The elasticity measure used was the per- 
centage change in quantity resulting from a 1 percent 
change in price. 

For on-line service^ there is no evidence to indicate 
that price should b^'a crucial factpr (Tomberg 1977 b) ; 
when the American corporations Systems Development 
Corporation (sbc) and,'£pckheed Informations Systems 
(LIS) couid make theip services readily available in 
•Europe they experienced, |_n increased demand even though 
they introduced a significantly higher price. 

A further illumination of the influence from price on 
buying can be obtained by looking in more detail on the 
findings from a Wharton School study (Wind et al . , 1976) 
This study was conducted to assess the relative im- 
portance of various characteristics for systems pro- 
viding informations search services, as perceived by 
274 scientists, information specialists and managers. 
The implicit decision situation for the persons inter- 
viewed was acquisition of service, which is not equiva- 
lent to" the decision to use the .service but the study 
can give some general indication of the importance of 
price. 

One of the results from the study was: "Price is the 
most important determinant of the purchase of an STI 
system. Yet, the major disutility is associated with 
the very high price level. The move from the cheapest 
level to the medium-low level (for example, from $ 30 
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to $ 5a pLr inquiry) is associated with a disutility 
of 1,54, Vhich can be easily pompengated for "by a 
number of factors - such as changes in the period • 
coverage, m^de of distribution -and the l*ike.". - " 

In other words, price is important since it can scar^r^ 
users away. However, within the given market price 
is not a dominant determinant of sales. A further 
analysis, of the responses shows that only 31% of the , 
study population had price as the most important factor, 
and the largest "Utility segment", which wa^ 48% of 
the population, gave price* "a relative importance of . 
■only 8.9%. 

The operational ISSs we are studying here are in the 
high price region, and the options open to the ISS 
manageiTfent are very limited when it comas to pricing ' 
(see discussion in Chapter two) . Based on these con- 
. siderations price is not considered a primary deter^ 
minant of salas in the present stddy. 

The SDC and LIS experience of the introduction in 
Europe seem to indicate' that quality might be a more 
important determinant of sales. The same is implied 
in a number of reports and papers^ Wish and Wish (1975), 
referring to information service centers, is an example i 

"In raarketing a service, the jcb is essOTtially, that of m^- ' 
iJig the clients a/are of their n^eds, if they aren't already, 
and, most lir^rtant, being ready to take care of those rteeds 
with quality ^rfonnance". (p. 3) 

Quality, however, J.s not a well-defined property and a 
decomposition is necessary before its influence on sales 
can be analysed. The dimensions for quality can be in- 
ferred from Hjerppe and Lindquist (1971) which has been 
the basis for the more detailed illustration given in 
chapter two (p 71 ff ) . Some components of quality depend 
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on the machinery used, i e search systems, data b&ses, 
and telecoimnunications equipment, while others depend 
, OH'- how the service is delivered locally^, i.e how the 
staff interacts with the users* 

For the present study it is important to distinguish 
between components of* quality that can be assumed 
constant and those that are variable, since they re- 
quire different representations i, the effect of, a con- 
stant quality component can be accounte^^or by some 
kind of parameter whereas the ^effect of a varying 
quality component must be represented in a more complex 
way. 

As discussed ;Ln chapter two (p. 84) the ISS managers 
have limited possibilities to affect the quality of the 
service as f ar^^ content of data b^es and form of out^ 
put goes because of the retailing character of ISSs. For 
the establi^^H services the system. changes that would 
affect theB^ quality components are relatively slow. 

The contribution to quality provided by the staff in 
its interaction with the customers is important, 
especially when the customet has no previous experience 
from an ISS (Benenfeld, 1974 and Persson & Hoglund, 
1975) Since the amount of assistance that can be given 
is depyendent on the staff time available this quality 
compdnent can vary considerably. If staff turnover were 
high it would perhaps be necessary to take the effect 
of staff training into account, but this is not the case 
for the typical ISS^i 

Staff time available \lso determines the response time 
of the service, which is an important component of 
quality (Llewollen & Kaminecki, 1975^ Wanger et_^l . , 
1976, p A-6) , The response time is also a direct func-- 



tion of the "load" on the system, 1 e the number of 
users and their demand. Consequently it can also vdry 
considerably, " - 

The conclusion from the discussion of quality^s a 
determinant of sales is :that It is' not possible to 
represent the influence of quality in a simple way, 
since quality is not easily measurable but depends on" 
factors that are iijterreilated . 

When discussing the determinants of saWs the implicit 
assumption is that the only decision the customer makes 
is whether or not to buy the product or service, alter- 
natively to remain a user or to leave the service. 
Hirshman (1970) in his analysis of responses to decline 
in firms, organizations, and states considers this a 
characteristic viewpoint of economists: 

'Wie custonier who, diasatisfied with the product of one firm,' 
shifts to that, of another, uses the market to defend his wel- 

. fare or to ijiproye his position? and he also sets in notion 
market forces which Tmy induce recovery on tlie p.u-t of the 
firm that has declined in cotparative performance. This is 
the sort of mechanism econqnics thrives on. It is neat - one 
either exits or one does not; it is Utpersonal - any face- 
to- face confrontation 'betweeii gustcnier and firm with its im- 
ponderable and unpredictable element-s is avoided and succps 
and failure of the organization are conmmicat^ to it by a 

. set of statistics; and it is Indirect - any recovery on the 
part of the declljiing firm comes by courtesy of the Invisible 
Hand, as an unintended by-prcx3uct of the custcner's decision 
to shift", (pp. 15-16) 

The opposite of this "exit option", as Hixshman calls 
it, is the "voice option" which has been studied 
primarily by political scientists^ and socinlogists^^ 
mostly within framaworks which do not include ecoitomic 
considerations.' 



The two options arc defined as folio 
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1) "^^m custofpBrs stop failing the finn's pr^ucta or saiic 
inatters leave the organisations, this is the a^lt opt ion. 

a result revenues drop, manbership declines , ar^ rr^a^ 
gwent is in^lled to saarch for ways siyi me^s to co^ect 
whatever faults have led to exit, / 

2) The fixni's cu&tamerg or the organiiation's irorters a^^niss 
Uielr dissatisfabU,on directly to mnagar^t or to 3<^nD 
other auttority toWilch managerent is subordinate or 
throu^ general propest ad^esscd to anyone cares to 
}A.&tm\t this is the vpice option . As a result nianaqorent 
once again engages in a seardi for the causes and possible 
cures of cus toners', and mattoers" dissatisfaction"* (p. 4) 

kir^l^man argues that in- many cases both options are 
available to, aj\d exercised byi customers of commercial 
firms or services. 

Considering that ISSs do not oporato in a markot oco^ 
nomy and that they show resemb lanc€:)s with mombernhip"^ 
type organizatlonB (e g a particular univorHlty cumnuuii^ 
ty) - both factors which oncourago voice - wc adopt 
Ilirshman's theory as one basis for describlnq user bo^ ^ 
haviour. Specific features of tho urqaniza tional 
setting of ISSb which support this thcoroticai view- 
point are: 1) The monopoly-^like character ot: an rss.^ 
Therq are usually no real compotit^9rs - it: is somi^times 
said that the worst t^ompc^ti tor Is "no^use". 2) A partial 
me^nborsiiip character intic of t he^ Qi6nsumer inarket.. ht\ w/m 
pointed out earlier an I8R tyi)ically belongs tc) a larqt*r 
orcjan t za t icin ^ and the une^ tii thc^ stn'vicc have iioiUi^ 
kind of a f f i liat ion to that organization. H l)Kisten.ce 
of voice channelM. Firstly the interaction between u;s 
and user is personal which makes it easy tn use voice, 
and Becondly TSHs often try to soljcit evaluative^ i eed- 
back from thc^ir usi^ru on qut^st i onUii i n^s or in soiiu^ 
other formalized wa^'. 
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ICmiilrical banlH for thn' htuciy ^ . 

i 

Wu havo founjJ that for a y^uciy of JSSu. thera Ik '^a* need 
for 'Infornial ion about offccta that ar(> not easily 
nieaHirrablo, In part icular qual tty Is cliff icrult to moaauir 
and'^unt bo nnalynnd in a moro oornplpx way. 

The in'i:oi;mat Ion Rol^-co^l available dn nut, howovor, givD ' 
much Informntic^rt directly i^jitod for iuich a cuniplex 
ntudy. 'Vhc dlfticultieH * M^ccnui to rcHl whiMi tryinq to uti-- 
li::e publ n^hed ntatist I roin opiM at iorv^il ISSn are 

:;huwn in t ho t o 1 low i nq i.. ncMun; i c hi . 

(.)l)erat lona 1 ISSn ai^V rolativ(»ly now. Althcuiqh oio-lino 
lofriinMl nyntomn havc^ b^on of; t ab 1 i sino,_^ about 

PM^B a SysttMu bovo h)piiUMi t i\)rporai ion i.;l udy {Wanqor t>t 
al., I47b) sliowH that ok laUol nq inronnation sorvicoH 
( ISSh) ou 1 lio avtMMqo liavt* boon in opt.>T\rt i on c^hly a 
t;ouplt^ ot yoai-:^. So tlio intoniiation baru^ {or a ntudy 
LSSs in tailMy :Hua 1 1 , a i)roblom winoh u; wornenod 
Ijy thu biok o! iiioasii r oiiKMi i standards and ost ab LUdietl - 
thd i n i t icMis . C.n paftionbir suoli ko\ \Mriat)Ion ,is ''inua:s*' 
and "quo r i o^; oan iiumh a nuiniioi: rd; t h i ruf m . Th 1 n i s 
i nd i loot ly oon:UH|uonoe ul^ 1 h*^ iuaid'.iq sti uotaii i^ d\i\- 
^/Ussed tMi litq ; the' data base protlnoors impiMn- difloiaad. 
oonditaoio; \ iSr i\\v avanai)ility of t hr I r data hai^o, 
pr i mAV i 1 y d i t t or«Mi[ loya 1 t y .s t a ucM u itM; , and t fio sta vioo 
:aipfW i(M M pa^JM on t hono dH to! (>nooM I tio u;Sn, Alininci 

at a oihU ! o Li t od pri.oinq 1 ho ISSs arc* 1 oi ood tci kcu^p 
s(qun at o aoouiuit M , vvli i oil in M^^mo oa^u-i w i I'l load to a 
^^'^^*P'' ^hstroh rtHnuMd btana o>nnUf>d as Mov^aal iphM.io:u 
Unlosq a dytailod bu) is koiq ht> iMUild I hon alno* bt^ 
oounttHi ai; niurt' than oiu^ I'naor*', It st^voi a 1 uMtaa^antiq- 
ao( w i t Fi (ho 1 SS tliriUKih ono it *pi t -;on ( a ( i \'< * ^ oitho* 
^■^^^ p' aol i oal i t y or iMdlin^i nrua-adty; tln-y ajt^^." 

St' bioui oonn t ( ul st ^pai a t o 1 y . 'i\ ) an <iK 1 . mP , M h( mi , Mio ■ 
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dif f iculticiJ invblvod5in analyzincj available numerical 
information sboniB from the fact it is collected prima- 
rily for the bookkcjoping functions of an ISS and, not 
for the managerial functions. 

DoBcriptivc, qua! i tilt ijVfci, information about ISSs is 
available f rom- ,:^ , number of sources; annual reports and 
c)lhor*"®p^ratiopfr BtatGmentB, conference proceedings, 
and jburiuif ^l^icleB. Often this information consists 
Df^ Liub:ie£:t Ivo accq^h.tH of nxpericnces from ISS opora- 
ti-nnn. St ud\^ vi-llt ^ and oor respondence arc other sour- 
^'OH^0f thlB kind of Lnformat ion • 

Tlu^no Information sources also contain some quantita-^ 
tive information about the ISS operations and pGrfor- 
inanr(% but tho definition o f variablns and their measure'- 
mont vary from case to case. Problems such as these are 
not unique to studies of ISSs: Stouffer (1962) charac- 
loi liu^M tht^ data td social nc^inncn as oxtremGlY comploK, 
and they "Involve valuns that- scMiir times put n strain on 
t h(^ i>b ji>ct i vi t y cd the i nvos t: i qa t i on " (p. 291'), ai^ 
Kaplan ( PUdn not os that often measurements are made 
\\m c^ her loasons t h*u\ S(vLnnfifin uufuiry. The present 
taudy is an t^Kamolp of this as discussed above, 

tack) ot well tlct iiied numevicnd Inrormation does not 
Uuwrver, ijiran that a scientific inquiry is impossible. 
(Uasci a^d Strauiu; (TOdB) for cKamplc, advocates an 
ap[>roach t,o theory buildina tl(at in based -dn descrip- 
t iye i/ni tiiauat ton rather than conventional -'dat.^-' J 
ru;*! l^H^t ton * ' ^ 

'l\iKi nq the advtnMcy ol (» laser and Strauss as a i;tar-^ 
tniq pcnnt, w.^ ran cHpLore further the possibilities 
ol ccHiSt ruct i nq a thcnj'y about- ISSs 'driven (lu^ rolatively 



^ructured character of the empirical evidehce avail 
able. In the following we will le^ "data" denote in- 
formation thiit has been: dodlad. accord Ing to soma well- 
defined scheineg usually puch a scheme is based on a 
tiMWierlcal scale but classif icatory schemes are gome- 
times used. We begin by discussing scientific theories 
in general and then look at the, relationship between 
theory aiid data availability. 

We adopt Brodbeck's (1968) definition of a theory as a 
deductively connected set of empirical ejeneralizatlons : 
it is possible to refute, theories and they are thus 
hypothetical. Theories are constructed, and the way 
this is done is in essence th6 content of the works 
by Popper (1968), Kuhn (1962), and Blalock (1969). 
' Kuhn takes a political macro perspective on the process 
Popper a philosophical, and Blaldck a practical. A 
theory can be assessed accordiiig to several criteria; 
robustness, generality, repllcabilifcy , precision, use- 
:5ulness, and others. Popper discusses the properties of 
a good scientific theory, and sums up the discussion 
(p. 37) I "the criterion of the scientific status of a 
theory Is its f alsif iabllity , or ref utabllity, or 
testability". This gives some Implications for the 
relationship between theory and problems (to be sub- 
ject to scientific inquiry)! If a theory is made too 
general it will almost always be true - such a grand 
theory escapes' falsification but at the price of des- 
troyed testability (and also their explanatory power 
is small). Merton's .(1957) and Zetterberg's (1965) 
advocacy for "theories of the middle range" can be 
seen in this context, even' though part of their con- 
cern relate to data collection. Stouffer (196 2) brings 
in another constraint, that of limited resources avail- 
able for the inquiry. This in turn relates, to the 
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recognition of the subjectivity of theory qonsttfuctiOni 
it is a creative act by people. And since theories are 
9ome 'Iprm of generalizations of (a perceived) reality 
the subjectivity of obaervationB follows . 

Weber (1968) states that an objectlfve analysis of . cul"^ 
tural events is an impoesibillty , and that all Jcnow^ 
ledge of cultural reality is always "knowledge from 
particular points of view " (p, 92),' 

Thus v/e see things (observations) but' what we see is a 
function of our point of viav; (like a theory) , and we 
might pursue the queatipn of which comes first* Popper's 
reply is that the observation comes before the hypo^ 
thesis but is preGeeded by an earlier kind of hypo- 
thesis (p. 47U . ^ 

Glaser and Strauss (196B) see the connection between 
theory and data as not always desirables "theory based 
on^ data can usually not be completely refuted by more 
data or replaced by another theory. it is destined 
to last despite its Inevitable modifications anci re- 
formulations*' , (p. 4). ' , . 

Another problein that has a bearing an the relationship 
betw^een theory and data is desGribed by Kaplan (1968) 
as a "choice between mapping his data into a simple 
order and asking his data whether they satisfy a slm** 
pie order^' (cf . multidimensional scaling) . Popper 
(1962^ p. 46) Idoks at the same phenomenon from a gene^ 
ral viewp'oint and states that we try to discover slmi"^ 
larities in the world and to "interpret it in terms of 
laws invented by us"* This view is also essentially 
what Kuhn characterlEes as the way "normal science" 
work . 



,: _ , .. . ■ ' ■ . ii 

Taking these different aspects of the intarreiationship 
between theory and data into consideration we cfin con- 
clude that it Is possible to construct a scieritifia 
theory even though there Is riot much well defined nu^ 
merlcal information available^ 

rhe Impact of data avatlability on theory^ constructionf 
can be suimnarizedi . 

- A "data--bound" philosophy of theory construction^ 
will limit the options for theory building, but 
the resulting theories can, if the variables are 
Belected properly^ have higher usefulness since 
optimizations are possible, 

r 

- A data-^free approach has the advantage that by ignor- 
ing the problem of data availability it can address ' 
relevant probleins in explanatory theories. 

Another dlfferenqe between the two approaches is what 
procedures there are for increasing confidence in the 
theories • For a theory that is constructed from data 
the normal procedure is to apply statistical^procedureS/ 
and to secure adequate and proper data/ i*e, choose an 
experimental design that controls external factors 
(Campbell and Stanley, 1966)* It should be pointed put 
that the statistical (probabilistic) model of un-- 
certainty is not the only possibility^ Schweppe (1973) 
prea(ents a model in terms of •-unknown but bounded" vari-- 
ables^ and the theory of "fu^^y sets" Is another. These 
other mothads have, however , not yet the same developed 
apparatus for hypothesis testing but deserve mention 
as possibilities* - . 

For data--free theories the established statistical pro-- 
cedures cannot be used to Increase confidence^ which' is a 
drawback when it comes to '^marketing" the theory. How-- 
ever, the rnore important aspect of refutability of 
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the theory still remains , since the theory could be 
shown to be false by further dbservatlohs. 

Given these considerations regarding the available em- 
pirical basis aid the relationships between data and 
theory we believe that it is possible to make a valid 
scientific inquiry into the behavior of ISSs,, and it 
is the research- |iypothesis of this' study that the in- 
quiry can be done by using the system dynamics metho- 
dology (Forrester 1961 and 196B) . • 

System dynamics modeling as a Bclentlf ic activity , 

System dynamics is a yehic,le, or a methodology, for 
theory construction and it shows great siinilarlties . to 
the "hypothesis method" for scientifid inquiries ip the 
natural sciences {Hempel, 1972) i the goals of a system 
dynamics study is to analyze an observed phenomenon 
and give a d'eeper understanding of its underlying pro- 
cesses, and to make it possible to make predictive 
statements regarding the phenomenon - these goals. corre- 
spond to the char acteris't ICS of a good theory gi^en by ■ 
Hempel (1972, Chapter 6.3). When the study is of a 
system subject to human decision-making this last, aspect 
is pursued to arrive at recommendations for improving 
the performance of the system. 

A scientific inquiry is a process characterized by 
parallel activities and iterations. We have already 
discussed the interplay between theory and data: how. one 
tries to explain observed phenomena with theories, and 
how theories determine what is observed. The hypo- 
thetical nature of theories does not change even though 
their content might chahge'. A theory is a set of inter- 
related hypotheses and as the sclehtlflc inquiry pro- 
gresses the set will change i preliminary hypotheses are 
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formulated to guide inforitiatlon gathering (observations) 
arid are rejected or modified if they do not lead to 
an acoeptable explanation of the phenomenon being stu- , 
died. Analogously it holds true for system .dynamic^ 
modeling that the process is characterized by iteration 
between observation , model formulation (hypotheses ) , and 
simulation runs (tests). "When a bystem' theory takes 
shape as a simulation model,' its behavior precipitates 
more dtscussions, and brings out additional supporting 
and contradictory Information that helps refine the 
theory" (Forrester, 1969, p. ix) . 

Different types of hypotheses are formulated in a system 
dynamics* study (Mashayekhi , 1976). 

a) Reference behavior. A system dynamics study starts 
with what, is called a "reference mode of behavior", 
i.e a description of a problem In terms of how 
system variables develop over time. When the time 
horizon for the description of\the reference be- 
havior Is dn the future, as was tlie'case In. the 
study Limits to Growth (Meadows et al . , 1972), 
the reference behavior is a hypothesis. The same 
. is true when the description Is of variables which 
have not hitherto been observed, or which are not 
possible to study directly (see next point). 

b) Boundary hypothesBS. When the boundary for the 
model is drawn implicit assumptions ajDOUt what is 
relevant for the study are made. -These assump- 
tions-are sometimes based on established empiri- 
cal knowledge but are often hypothetical. 

c) Structural hypotheses. Sometimes hypothetical re- 
lationships between variables must be formulated 
as part of the model building, for example of the 



type "an increase in k leads to an increase in B" 
where A and B are variableB in the model. Earlier 
studies might have omitted certain relationships # 
or even important variables ^ so there might not 
be any established empirical knowle^gfe/^ on which 
to build* - . 

d) Hypothetical parameter values. The sanie afeasonlng 
as for the relationship between variables can be 
appllacj regarding, parameter values. 

■ ' , ■ u if ' ■ • 
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Regarded as a theory a system dynamics model can. co^ 
tribute to a qeneraaization of earlier knowledge by 
providing a unified description of different occurences 
of a phenornenon. The model can also make earlier khow- 
ledqe more detailed by showing under what clrcumBtances 
earlier eKpla:nations are valid. It is often true that 
when a deeper understanding of a phenomenon is achlaved 
"truths" turn out to be "half-truths". J 

A system dynamic^ model, like simulation models in ge- 
neral, can also increase the scope of existing know-- 
ledge since it is possible to siniulate changes in the 
model. Some times this is hot even necessary: a thorough 
analysis of the simulation results can both point out 
and explain aspects that were previously unobserved. 

From this discussion it seems that system dynamics can 
be used to study complex problems and give irifcreased 
knowl^^ge about the phenomena in question. In particu-^ 
lar we find it reasonable to assume .that system dy-- 
namics modeling is an appropriate methodology for mak"- 
ing a scientific inquiry into the behavior of informal 
tion se^irch services • 



The process of formulating a simulation model, can be 
described -as follows. A phenomenon is observed and 
studied and prrfLiminary hypotheses are formulated. Re- 
garding structural hypotheses and hypothetical para- 
meter values it is primarily a question' of inductive 
reasoning! .the goal. Is to find soinethlng reseinbling a 
general law. The preliminary model is tested by deduc- 
tive reasoning: if the model is. valid the remits of 
the simulatlQn run must resemble the .observations, of 
the real system. That the model will reprWuce the "re- 
ference mode of behavior'!, is the miriimuni requirement. 
In addition the validity oE the model must be tested ■ 
in some way. There are ho established norms for how 
this ahould be done. The appropriateness of differerif 
tests depends on the chaBacter of the problfem or. pheno- 
menon: if one wants to explain instabilities it could 
bg appropriate to subject the model to noise or step 
function inputs^ which is not directly relevant when 
one is studying long term growth problems'. In either 
case one should examine how the behavior of the model 
is^ changed by changes in parameter values to make sure 
that the simulation results are not the consequence of 
a "fortuirate" comiilnatlon of parameter values in an 
"incorreet" structure. 

The model is tested and refined, 1. e. the preliminary 
hypotheses- are changed, until the model can give an 
'adequate" explanation of the observed phenomenon. Cri- 
teria for acceptability is a question of credibility, 
and as for other scientific theories credibility is a 
function of the scope and character of available facts. 

In the cases where the "reference*- mode of behavior" refe] 
to the future, and hence is an hypothesis, confirmation 
cannot be made by direct observation. This does not 
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mean that the hypothesis is without empirical content 
(of. Hempel, 1912; p, 103), but it can only be ,coslflrITl- 
J ed inairectly, 1*6, by confirniatlon of the model struc-^ 
ture which generatas the beliavior* For this type of 
study a test Implication is to "wail^. and see" and in . 
soma cases this can ba used for confirmation of the 
hypothesis* ' . 

Examples of hypotheses forinulated in the preseht study 
are given in Table 1, and sources giving the primsiry 
empirical evidence are listed in Table 2, 



HYPOTHESES AND 


THEIR OCCURRENCES IN THE PRESENT STUDY: 


Reference mode 


' Chapter two p. 56 


of bahavior 


Chapter four p, 180 


Structure. 


e.g. pp. 12:8^131 (EDDPQ) 


(Boundary) 


p. 58 


Parameters 


e.g. 125--127 (perception 




times) 



Table 1 



54 
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HYPOTHESES. AND EVIDENCE FOR ISS2 (Examples t 

Refei-enoe mode Brown, 1977 ' . 

, ' , Tomberg, 1977-a 

'\ Published statistics 

SDI statistics . , 



Structure 



( boundary ) 



Parameters 



NASIC/MIT 

RITL-IDC 

CISTI 

UGACC 



•Hlrshinan, 1970 
Wanger et ai ., 1976 

Llewellen and Kaminecki, 1975 
Wind at al . , 1976 
Guatafsson, 1976 



Benenfeld et__al . , 1975 
Hjerppe, 1975 
Ljungberg, 1975 
Pensyl, 19 77 
Wanger et al . , 1976 
Ware, 1973 

Published statistics 



RITL-IDC 
NASIC/MIT 



Table 2 



Tlie different types of hypothsses discussed above , .form 
, an interreiated set, or system of hypotheses , which is 
illustrated in Figure 4. 

This study gf ISSs started with an observation that the 
typical ISS was facing a decline in growth (1)", and an 
hypothetical "mode of behavior" was formulated. Since 
system dynamics had proved "to be of value for simila/ 
types of .problems, ,and since its application, was con- 
venient, the research hypothesis (2) was that systej 
dynamics would be an appropriate methodology. 
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Construction of the model involved formulating model hy- 
potheses a) which were testea by comparing simulation 
results with observations' of reality, both direatly and 
through literature studies. Eventually the simulation 
experiments led to conclusions (4) which were tested 
against the model hypotheses and,, again, by comparison 
with simulation runs, i.e. the .mode 1 hypotheses. In the 
later stages of the study the conclusions were compar- 
ed directly With observations pf reality. The compari- 
son of the conclusions with the Initial reference model 
of behavior (5) could not be done at piide since empiri-' 
eal evidence was not at hand until later, 




■Figure 4 



do 



III. ANALYSIS OF GROWTH OF INFORMATION SEARCH SERVICES 

A first attempt to explain ISS behavior } 

As iSSs bacame establiahed it gradually became visible 
that they were facing many of the problems that the 
SDI-servlces had. In pai^ticular it seemed that.the^ 
growth in business volume was not enough to secure the 
Investments necessary to achieve self-^ustainablllty . 
One commonly advocated remedy was to spend resources : 
on marketing. However, as was the case for the SDI- 
services, a concentrated marketing drive usually, gave 
an overwhelming response that the ISS had difficulty 
absorbing; the result aometlmea was that there was a 
substantial degradation of the service, In terms o£ 
response time, which took a; relatively long time to 
compensate, ^ . : ^ 

On these premises the study DMISS was started. The ^ 
problem to be investigated was that of -'ihsuf f iclent 
growth" , and the working hypo|hesis was that the prd- 
blem could be explained by an^^analysis of managerial 
policies (DMISS, p. 11), in particular the resource 
allocation trade'-off between marketing and production 
was •investigated. The simulation model ISSl was' deve-- 
loped based on literature $tudies/ study visits, inter-- 
views and correspondence with ISS managers. In parti-- 
cular the NASIC/MIT service was consul tedV' 

With ISSl it was possibife to make an analysis of the 
basic growth mechanism^ .for an ISS, Fbr the cas6 when , 
the ISS resources,, primarily staff , fare constant the 
study represents a relevant theory of -ISS behavior. 
Although not a typical situation an ISS is""Bpmet lines ' 
set up as a research project, or an experimerit , with 
a fixed budget. What seems to be the root fef the mana^ 



: . ■ ' ■ 
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igerial problem is the different phasing of the users 
ri'eeia for assistariG© ^nd for production i i.e. search- 
jingi at firftt it is relatively easy to give both ade- 
quate assistance and responBe time, but later the fss 
has difficulties in k^#plrig the response time short, a 
In Qther words it seems that by doing the nQceasary 
marketing the ISS ends up beiAg oyerjcommlttted. Regard- 
lees of^what the |SS inanagement does at the timte it 
•will cause user dlsappointmGnt in some way (DMli^S, p^, 
47). From the simulationsVwlth ISSl ^it seems that the 
size bf^the potential market is crucial (DMISS, p. 50^ 
= this could be an important decision variablG^ if it 
is contrQliabre by management. Regardless^ the simula- 
tion results raise the question whether the focus on 
the number of queries^ and not on the number of users, 
gives the appropriate basis for decisions regarding 

ISSS. ' ^ . y j 

The analysis of. the behavior oftfJ§Ss when resources 
.jire vari^bl^i^:i4fi§ I (DMISS^ p. 52 ff.) 

gave two general' conclusions i 

1) that the behavior of the ISS is fundamentally 

different when reaources are made variable (DMISS, 
p. . 61 ) , and ' 

,2) for a definitive analysis of ISSs'tha model, would • 
have to be elaborated ^. 

An explanation of ISS behavior 

The model ISS2 described in chapter two constitutes 
such an elaborated model* Fi^^^£_^iterature studies 
and study visits reveal ed^'^hat few^ if any, ISSs had 
ambitions to be profit making - rather partial cost 
recovery seemed to be typical. The problem statement 
for GDISS is conseqiaently different (see pp, 56-57) 
and the purpos^e of the paper is to present an analysis 
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of causes for the growth behavior of ISSs. ^ 

The analysis of, ISSs, and in particular the analysis 
of the effects of different parameter values^ presen- 
ted in DMISS represents a test of the basic structure 
of the ISS/user/funder systera, and the construction of 
ISS2 builds on this test* 

In chapter two is presented a systems theory of the 
ISS/user/f under interactions that determine the be- 
havior of ISSs, The system description consists of a 
verbal description and figures illustrating the feed- 
back loops involved which are reprinted here (Piguta 
5) , In addition a quantification of the relationships 
between system variables is needed; this is given In 
Chapter three of this report. 

The quantified model represents a synthesis of infor^ 
matlon froni study visits, interviews and corresponden- 
ce with ISS managers, and literature sources. 

The simulated ISS grov>7s rapidly in terms of number of 
users for the first 60 weeks, f^nd then the typical dec-- 
line in growth occurs when the number of userB is about 
800, From then on growth is significantly slcwer but 
the ISS satisfies tlie f under ocoiioniic -requironients 
and is not doing too badly in keepina the dellvcLy 
delay at the norni so the service expands and han a 
staff of 4,4 at the end of the slnmlcitGd tinio perioa 
of 2 40 weeks. The number of users at that time is 11 
which means a market penetration of 57 percdnt:. Tixn IBS 
recDlves 3'^ search rcqueatB, l.o. qunries, por And 
the nuuU)er at: new users is 2B per week, ^liich uioaiiy that 
the perceiitage "return users*' is 29. 
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Kesults from simuTation with ISS2 



Results from computer simulation v/ith ISS2 are given i 
Figure 6. The behavioi^ of the simulation mocjel is rea- 
listic in both qualitative and quantitative terms, as 
verified by interviews and literature sources. (Brown, 
1977; Wanger gl. , 1976; Benefeld et al . , 1975? 
' Tomberg, 1 97 7-a) . " ' ' 

By analyzing the underlying forces, contained in the 
systems theory^ it is possible to eKplain the behavior. 
Olio explanation is given in Chapter two (pp. 76--84) 
and in ECISS (p,181) the e:KpIanation is given in more 
general terms. This Lattor explanation is made on the 
basis of a more aggregatGd loop-diagram (Figure 7) and 



loop 1 is ti^ical for business and service activities; as 
business voluiiie goes up, e^^ision is needed and more resour- 
ces acquired v^ich makes it possl^Dle to handle more busi-- 
ness. Loop 2 is the^i^congestion loop. As business volunve goes 
up, tlie fact that c^tieues develop rmkes the service less at-- 
tractive and discourages business* ISS^-^.tesily beconte con- 
gested, and at least part of the reason 'for tills is a focus 
on search requests instead of users i capacity planning is . 
done Oh the IjaHis of "how inany questions can we answer? ratlier 
tlmi "hew many users can we serve?*' The point is that accept-- 
Inq a user should be a long terin conmitinOTt. Until It is seen 
as such, we c^an say tliat too vmiy users are admitted to the 
stevice. This, of course, would not be the case if the spon- 
sor vpuld expand tlid resoLirces for tlie ISS quickiy enough. 
IlowGver, the typical sponsor wants to be sure of an establish-- 
ed need for nore resoiirces before he crrants ^cpansion (will- 
ijic| risk capital is- indeed rare) , but by tlie tiim Uie need is 
estaljUBheci, tliart:} is al ready congestion, which also hindeirs 
ejcpanslon (loop 3), One reasoii for tJie latter effect is that 
tlie "iixcess" niUTilxir of usors reduces tlie throughputs since 
tlio ISS staff is forced to siximl tune on user assistance, 
wfilQh wi.|l lower the- ravenue/cost ratio and activate econaiilc 
ocincetTn on tjio port of tlin sponHor , 
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Figure 7 

Structure of iSS2 



An analysis of managerial deeision making for ISSs is 
also given (see pp* The concliu lojiij and re- 

coniJjiendations from this^analysis can be :>uimnarized: 
Management focus has been on queries , Instead of 



ning and inveatment actdvitied. 
= The importance of the price-"mechanism has been 
overestimated and not understood (a conclusion 
from the literature studies) , 

- The possibility to expand, in staff, is hindered 
by the doublebind of queues which are needed to 
justify expansion and at the same time discourage 
users* 

- Marketing and assistance can have a negative 
effect on sales; ^ttere is a possible "marketing 
trap" (which is partly a function of the first 
pointi focus on ^qweries and not users). 



users which has had a misleading effect on plan-^ 
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IV. IMPLICATIONS FOR THE AGGREGATE INFORMATION 
; SEARCH MARKET 

In general growth forecasts for the computer-based in* 
fonnation services market have been optimistic i 



"The market for these a^wices (bibliographic and docum^t 
retrieval aystans) is ©<p^t^ to grow to a substantial size 
SCTTie time duri:^ the ccnd^ decade. This market is presently 
in a peri^ of rapid gro^rth of Idie order of 30 p^cent per 
yMTt Such service is pres^tly limited to libraries, but 
the price is already within a rar^e acc^t^le to many tasl- 
ness and professioml users, aid an even more rapid growtJi 
can be eKpected v^en this of service is made available 

as a part of a package .of services tailored to tiie ^ needs of 
the Individual user vAio is not a conputer professional , " 
(program In Information Technology aM TeleccnTnunications , 
1976, 16) 



One of the results of our analysis of ISS growth (see 
the previous section) was the identification of several 
common misconceptions regarding the operation ^of ISS^s, 
Briefly described these misconceptions ares 

The length of time a typical ISS has been opera^ 
tional IB often overestimated. The consequence 
of this could be that an initial , transcient , 
growth might be believed to be a mature, stable, 
growth. 

The number of searches a person can perform in a 
week, say, is often overestimated, 

- Too much reliance has been put on pricing policies 
as a control instrument for the growth development 
of iss^s, 

- In most ISS models the representation 
and their influence is too simpl if ied 

' general, too little eniphasis has b^en 
ors outside the ISS itself. 



In ECSISS (reprinted in Chapter four) the consequences 
of these inlsconceptions are discussed. It is claimed 



of the users 

and, in 

put on fact*- 



that the model ISS2 is a relevant model of the growth 
development of an ISS, and the irnplication is that since 
a typical ISS will experience a stagnation, there, are 
reasons to question the optimistic forecasts. Since the 
growth of the aggregate information search market is de- 
pendent on other developments f e* g. in the publiEhing 
industry and. the integration-of ISS "s and other infor- 
mation utilltieSr a stagnation in the market is judged 
not to be inevitable but -likely. 



V, GENEBAI. CONCLUSIONS FROM THE STUDY . _ 

applying the system dynamics methodology to the 
study of inforination search services it has been poss-^ 
ible:to attains 

A dieeper understanding of the meGhanisma that 
determine the growth behavior of ISS's, 

An analysis of managerial decision making that 
gives recomrnendations for policy decisions. 

V . 

^ A basis for assessing the development of ^ the 
aggregate information search marke^t* 

We find these to be good indicators of the applicabi^ 
llty and suitability of system dynamics for the study 
of problems relating to the growth development of ISSN's 

Like many other research activities this study points 
to other areas where more research is needed. The 
analysis in Chapter four indicates that the investment 
function is of great dmportance for an ISS when regard- 
ed as an economic systemp Considering that there are 
indications not only of a temporary stagnation, which 
we have shown, but of a possible decline, which is 
shown by Tomberg (1977=a) - see Figure 8 - a thorough 
study of the economics of the whole market is warranted 

To make this possible more research is needed in "in^ 
formation economics", which is defined by McDonough 
(1963) : 



"Information econcmlcs is tiie study of the allocation of 
c^tain scarce resources of an o^anization to achieve thm 
best decisions for that organization. In particular, infor- 
mation ecoiOTAcs cor^entrates on the allocation of resour*- 
ces for the storage of toCTs/ledge, for the obtaining of in-- 
fomation thrCTagh data processing, aM for the effTOtiye 
utilisation of botii stor^ knoArledge and processed informa- 
tion by ir^ividuals in the fim." 
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The nuTfiber of European bibliographic on-line 
services and average nuniber of users since 
1969 ( = 100) (from Toniberg, 1977^a)\ 

As the present study has illustrated an ISS is best 
studied as one part of an integrated ISS/user/f under 
syBtem^ and Without an "information economic" coupling 
to the users'* organization any real understanding of 
the economics of an ISS is not possible* 

At present the options availablo for the ISS management 
are relatively few with regard to service offerings\^ as 
was discussed in Chapter two, but' this situation is 
changing. New service features are being introduced 
which will make it possible for the ISS^s to offejS di- 
versified service. For the managerial decisions involve 
ed in the selection of "service mix" a more thorough 
knowledge of the users" preferences and behavior is 
needed, 



is 



Finally/ it Is to be hoped that this study of the dyna- 
mics of ISSN's can give some motivation for ISS managers 
to spend resources on collecting more detailed statist- 
ics about the ISS operations and user behavior. The 
^theory presented here is general in nature and must be 
complemented with spedlfic information a^out the user 
population of a particular ISS to make it possible to 
judge the applicability of the theory to the specific 
case which can guide the managerial decision making for 
the ISS. 
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I, INTRODUCTION 



Information search service of the kind described in 
Ghapter one were^ and still are> considered an effi- 
cient solution to the problem of access to the scien« 
tific literature. Usually the ISS^s experienced growth 
in the number of users. Sometimes this growth was 
quite dramatic. However^ by looking at the situation 
a bit closer it was possible to find reasons- to be- 
lieve that the rapid growth might not prevail. 

For example^ preliminary analysis\of unpublished 
statistics showed that at the NASIC/MIT service growth 
was slowing down. This observation wfis later confirmed 
in the quarterly reports* The development of the number 
of searches per quarter at NASIC/MIT Is given in Figure 
1. 
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Figure 1 

The number of searches/quarter 
at NASIC/MIT. 
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We see that with the exception of the surmner of 1974 
the growth during the first two yearns follows what • 
looks like an exponential path, and then show rela*- 
tively little variation for a period of a year and 
a half I after which growth seems to resume. 



By inspecting the statistics from the 'Royal Institute 
o£^Technology IDC we can see a ^similar developmeht 
alt'^ough not as' clearly. The d^^velopment of the number 
of search requests per guartar 'at RITL^IDC is shown 
in Figure 2, The sumnier of 1973 this service was 
offered free of charge within the institute which 
accounts for .the high number of search requests during 
the fourth and fifth quarter* If we discount for this 
we can see .that the growth during the first two years 
is almost exponential * 
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The number of search^ requests 
per quarter at RITL-IDC. 



The starting level seems a bit high but this can be 
explained by the fact that the on-line search service 
benefitted from being associated with an established 
Spl-service; .there was alrpady a market for biblio- 
graphic information and there were established channels 
for the, marketing. From February 19 76 the growth jlevel- 
opment looks very di£feren,t from that at NASIC/MIT. The 
reason for this is that the operations at RITL-IDC/ 
changed character in a fundamental way: a communica- 
tions node was installed which enabled users who had 
access to dial-up terminals to search directly from ■ „ 
these terminals and not to have to go thi-augh the 
RITL-IDC service. -This accounts for the sharp drop in 
the number of search requests for the last two quarters 
in Figure 2. Much of the increase during the first 
quarters, of 197(3 can bo attributt^ti to the markotihg 
activities' rolatod to the IntrodUQbipn of the node. 
After this change, however^ the -RXM-IDC service can- 
not bo considered a tyi^ical ISS as we liavo defined 
it in this study. 

A third indidation of growth problems is qiven Uy ' - 
Brovs^n (1977rin an accounL of the OKperiencen at the 
National Diireau of StandnrB Library, Tho library aorves 
a staff of about 3 000 people, In^nj than half of whom , 
are hicjhly trained scientiBtn and tochnologiBtB . The 
libirat^y ■ Hc^t up an ins in 1974 , , _ 

'■In thd Hocond yivir of iioardunq.,^ t;^o iniiiilxn' of firat- 
tiniD users debroasGd and fell finaa Ly for ^niunthB to . 
, zero. Tt was not known whetlier Uils ncant that a saturation 
pcnnt had been reached of now u^ers in the orqcinl nation, or 
whotJier publicity, which had droi^pt^i aff duritig.a ^x^ri^xi of ■< 
Htaff 'BlbrtacjcB, was Indexed the only efcftx;'tLve nuvinH ot 
attraetUK] tlie nnvice. I t was^ hatxl to r^>lhm- .tiiat all 
potential cnni-oiiiorH had Ix^^n reaau^d, slnct^ (lit^ wsovh wi^ro 
. only a luiki]] ptn^^^ntacje of (lie'onjani:^ation Hlaff" (p. 1%) 



^ 't- rr ■ . .. . 
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II, PROBLEM STATEMENT riVi 

The problem addressed in this study is that of irregular 
grbwth of ISS^s^ i.e. after a period of initial growth 
the nuniber^Oif users of an ISS typically levels off dra- 
matically (see Figure 3) even though the potential . 
market is not nearly penetrated* Thls^ premature dec- 
line in growth contributes to management uncertainty 
regarding the continuation of the service. The^l^rge 
Initial investment to' establish^ an ^ ISS serves tO'.r., 
heiqhten concern over an early growth curtailment, 

.5 

The difficulty in maintaining growth until the target 
market is penetrated/ or until an economically self-^ 
sustaining level of operation is reached, can be a 
strong inhibiting force on the growth of the number of 
surviving iSS^s. Sinca overoptimis tic forecasts for 
growth are coimon^ overexpecta tions by th^ f under . , 
occuri and the problem is often referred""to as that 
of '•insufficient growth"* ^ . 



PROJECTION I 




'rypleal devolQpinent ol: the 
nunibcM' of uuorH of an ISB * 
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If the current mental piqtures and beliefs prevail and 
'are used as a basis for forecasts and expectations the 
fat0 of the on-line based ISSN's can be the same as that 
of the SDl operations of the niid-1960"s^ l.e* after 
a period of success^ with growth in both the number of 
services and the number of users per center ^ use dtete*- 
rioated to a level below that warranting continuation. 
The number of SDIdperations declined rapidly, and to- 
day the SDI function. is carried put by a few large 
centers or is offered as an option by the larger ISS's. 

Overexpectations occur and reoccur because of a lack 
of lynowledge of underlying factors. The established 
knowledge of user behavior and market reactions is 
inpufficient for guiding the ISS managers. This claim 
is substantiated by the follpwing quote i 

"...totally inadeqpiate conceptions oonceming STI (Spientific 
and Technical Infonnation) users guiding the tiiirtcirig 
of irany STI/SS (Scientific and Technical Infomatiqn SystOTs 
and Services) designers ^d managers. Unless and imtll research 
is done that reshapes cu«ent "mental pieties" of vAio can 
or might use STI/SS^s, hopes for seeing najor ijnpTOvemants 
in the delivery tod utilization of such systems and ser^ces 
are .'bound to be frustrated". (Fr^nnan and Rubensteiji, 1974, 
p. 9) ^ . . . 

The purpose of this paper is to present an analysis of 
causes for the growth behavior of iSSs. It offers. an 
explanation of the observed growth behavior of ISS^^s.' 
It offers an explanation of the observed growth devel- 
^opment and can serve as a 'basis for further understanding 
needed for effective management decision making. The 
analysis is based on results from computer, simulations 
with a model of a hypothetical ISS. 



Ill, BOUNDARY FOR THE STUDY. 

Depending on the objective of avsysteme study its bqun 
dary can be different from what 'is traditionally held 
to be the syatem boundary * For a study of the growth 
of an ISS the* appropriate boundary must Include^ in 
addifiLon to the ISS itself/ bpth the f under and the 
users since their decisions and actions have a direct 
effect on the ISS (Baker and Nance, 1968, 1969, and 
1970) . 

The structure of an information search service has 
previously been discussed and related to the overall 
activity of user access to the scientific literature 
(see p* 18) * . 

The performance of an ISS is evaluated from different 
viewpoints I management evaluates the goal; fulfillment , 
the funder, the users, and the potential users evalu- 
ate the service in some utility terms. All these 
evaluations lead to decisions and actions that affect 
the future operations of the ISS, 

The management decisions / 

Management tries to keep the delivery delay for the , 
service, the response time, at an acceptable level by 
allocating sta.fi effort to the "production" function , 
i.e* performing the information searches. The re- 
sources not needed to achieve the delivery delay goal 
are employed in user .assistance and marketing. There 
is a constraint for the allocation policy since a 
certain minimum effort is required for user assistance. 
Part of this minimum is spent on, administrative work. 



A less obvious way for management to increase the pro-V 
duotive capacity is to decrease the staff time spent 
on each query. Such Ghanges can only be made slowly 
since they involve a learnirtg process by the staff and 
aft adjustment time for the users. The time spent per / 
query has a strong effect on the quality of the service 
and is a high-level policy variable. In the study we 
assume that the quality goal is not changed, 

. The users and their decisions . 

The definition of a "user" of an ISS is uncertain when 
there gLs no tormal contract^ like a eubscrdption/ on 
which td base -the defini^ibni (^arron, 1969) . In this 
study a user is defined as a person who decides to use 
the IQS, and he remains a user for a "normal user time" , 
unless the effect of delivery delays will make him 
terminate his interactions sooner^ i.e. Exercise the 
exit option discussed on p. 25. ^ . ^ ' ■ 

v'^-^:^®^^® submit queries adcording to their average 
prapensity to. query. This proptensity, however, is in-- 
fluenced by the experienced delivery delay: if this is 
long then the propensity to query will be lower* ^ 

The po teritlai users. ' ■ ) 

— — * — ' - /■ ' 

The, potential users decide to become userjl on the basis 
of their perception ^of the value of the service, mea-^' 
^sured by perceivek. delivery delay, and the intensity 
of the marketing effort^. The entry rate is also 

^^the inportanoe of tJiese two service characteristics is discus- 
's^ in (Llewellen and Kaminedci, 1975) and (Berk, 1974) respec-^ 
ti^ly. 



subject to influence from the pE^portion of actual 
users to potential uaersi the word-of-mouth effedt> 
which has a poaltive Infi'uence on awareness and entry 
rate^ grows at first with the number of upe^p but 
saturates^ when the proportion of users is high, 'There 
; is also a general saturation effect which. makes it 
more difficult to attract and recruit users as the 
market penetration approaches 100 per cent. 

The f under and h;fe^ deGi3ion # • 

The f under 's assessment of the ISB operations consists 
of both a critical and a supportive aspect. On the one 
hand the ISS must prove Its worth in the marketplace, 
and the criteria used for the critical evaluation are 
usually economic or some measure of market per^ptration, 
i.e, how successful the service is in terms of growth ' 
in queries or users^. The critical domponent will lead 
to a reduction of support if the growth is not suffi- 
cient compared to the furider'^s expectation. 

The supportive component rests on the realiz'ation that 
low performance in terms of growth can be the result ^. 
of too little resources,. ISS" s typically have procedures 
for. evaluative feedback from users ^ which enables them 
to respond with "voice" in response to a decline in the 
service quality (see p, 26) * If the funder is committed, 
an expressed low user satisfaction might lead to an 
increase in^^the fun4er"s willingness to support the 
ISS. Howeyer, this commitment .could not continue in-- 
definitely! thus if user satisfaction does not go up 

^ B<onC3Tdc conside^tions are ^coming increasirigly iJtportarit as 
discussea in (SchwarE/ 1976^and DeGennaro^ 1975). ^ 



in a reasonable period of tima> thefunder is forced 
to the donclA^sion that the users arte finding, other. 
. forms of servlca* ^ 

, ■ ■ ■ .** - ^ ■ ■ , 

IV. SYSTEM DESCRIPTION " 

Behavior Is the aggregate of ^system activity, which 
includei decision makingf and actions . . Actions lead to 
changes in the system. When/ something is done the out-^ 
come also changes future doings either because , of 
physical changes in the system or because of psycholo-^" 
gical changes, i.e. learning* Actions are prompted by 
decisions. Decisions are Influenced by the state of 
the syatem which, in turn, Is affected by actions. In 
systems with human decision makers Itf Is always Im^ 
portant to account for the possibility that the per-- ^ 
ceived st&te of the system can be different from the . , 
actual, and to realize that it ,1s the farmer that Is 
intfluencing the declslon^making. Thus system activity 
can be described in terms .of feedback loops, which are 
closed paths representing the effects of a decision on 
the system and on future decisions via information feed 
back . 

A decision can be^inf luenced by very many Information ^ 
sources but to include them all In a, system descrip-^ 
tlon demands a level of detail that inhibits percept 
tlon and insight. Thus system description variabies 
must be selected carefully. It is easy. to Construe a ; 
thousand reasons for a decision, but the "good reasons" 
are fewj the set df variables chosen to describe the 
state of the system must be able to represent all the 
"good reasons" for the decisions in the system. 
study 6f an information search service must include - 
the number of up^rs anfl^ the numbervof queries as 



variables describing the state of the system, and a 
study if the growth of an ISS must include the pro- 
ductive resource staffs In subsequent sections the 
feedback loops affecting these variables are described. 
The system loops are numbered In one BeqUenca and are 
ptetik^d by the initial of ifihe variable on which they 
ejcart the primary influence . , 

' Loops af fee ting the number of users . 

The feedback loops affecting the number of users are 
given -ih Figure 4. \ : 

Loop Ul represents the .natural tendency for growth 
Iri the number of users. There is an intrinsic need for 
an ISS^ and the most important factor affecting the 
growth is awareness of the service which -is ^ in turn, 
largely determined by .word^of^mouth although the marked- 
ting effort by the ISS might promg^t the actual decision 
to become a user (Benenfeld et al , , 1975,^ p. 1^4) . Thus 
until the ISS has reached its service capacity the 
number of users could grow at an increasing rate. 

Loops U4 and U2.are loops that Inhibit the growth in 
users. Loop U4 is the market saturation effect, which 
represents the increasing difficulty in recruiting new 
users within a saturated population of potential users. 
Loop U2 portrays a negative effect from delivery delay 
on entries. As more users enter the number of queries 
increases which lengthens the delivery d#lay which, in 
turn reduces the number of future entries. 

- ^at this is true also outside rese^ch orient^ acadeMc 
camtunities is shewn jji (Ahlgrm, 1975) , 
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Feedback loops affacting the 
number of users, ' 



Loop U3 shows another factor inhibiting the number -of 
entries. As the nuinber bf queries increases;/ more staff 
is needed for productio;i; i.e. increased searching 
decreases staff, resources available for marketing and 
user assistance. This negative effect is counteracted 
by the effect of loop U5 which is to make it more 
difficult to allocate staff for production as the 
need for assistance increases • 
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Tri Figure 5 , the feedback loops affecting , the nurtit^ 
Of que^iea are shoWn together with the. jJreviouBly dls- 
cussed loops. Loop-.Q;6 represents 'tha-*effect of user .,v 
pereeptioij of good servtceVVli^i ;&rt delivery delay 
effects an increase in^=user pre{>ensity to query. Con- 
'Versely a decrease iin? the propensity to query is the 
reaction ris delivery delay increasas. A build up of 
query backlog lengthens; the delivery .delay causing 
negative effect on the number of incoming queries^ This 
©ffect; is amplified by loop U 2 which gives a reduction 
in the ^un^er of UBera^^ and .hence ^u#tieS/ wh^-n delivery 
df lay' is long. ; ^ ^ ^ : : 

The managerial pdiicy for resourde allocation is repre- 
sented in loop Q7i when query backlog rises tibe .alj,©- 
cation of staff to production is increased which in- 
creases the answer rate and reducei the backlog,, the 
delivery delay is shortened by both the incriease in 
answer rate and the reduction in query backlog. Loop 
Q8 shows a dysfunctional effect of the resdurce allo- 
cation decisions, in terms of control of the query 
backlog. As the answer rate increases th& delivery 
de^lay decreases which eventually stimulates an/in- 
crease in query submission and causes potential users 
to become users, 

■ ■/ , * . 

Feedback loops affecting the number of ^taf f 

Figure 5 gives *aU the loops necessary to analyze the 
behavior of an ISS under constant staffing. For some 
studies this would be adequate since an ISS aometimes 
is set up as a research project or, experimental activity 
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ick loops af:^ecting the 
r of usere and queries. 



with fixed/ budget . The most common setting for an 
ISS, however, is to be part of a larger organlza-- 
tion^^^Buch as a library, and, subject to budgetary con- 
cerflfe''ft*heref ore feedback loops affecting 'the number 
of staff are necessary. These are shown in Figure 6* 



Loop \S9 represents the compensation for leaving sta^ff . 
As staff increases so will the number of staff leaving, 
assuming that the average time to stay Is not changed. 
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This will lead to an increase in the number .of desired 



and eventual hires. ^ ,i 



The eKp^nf ibn 6^ the ISS in terms ^ of staff is ihowri In; 
loop SlO * ;in the typical organizational setting for. 
'^n IBS justif icatibn for expansion is normally based ; 

a demonstrated "need" such as a high backlog of 
queries pr long delivery delay. 

Oi^e, of the two primary cohstraints on expansion Is 
re^presehted by. the fun^^^s willingness to support the 
ISS, If delivery delays are long for a sustained period 
of? time the funder^s willingness to support must deolim 
since solicited evaluations of the service are low. 
The second Cohstraint is economical and is represented 
by loops, S12 and S13, Establishment of an ISS requires 
a relatively large investment^ and operation has high 
and visible marginal costs ^ such, as search , fees to .the 
infoifmatibh wholesalers and telecoiimiunication costs. 
It ii therefore common to require the IBS to recover 
some of these costs (Wanger et al.^ 197'6^ p. 153) . ; 
Rareljf is the recovery of the initiai injfestment expec- 
ted/^^nd the economic constraint contains only variable 
costs - staff salaries and search costs. The funder 
e^pecits a certaiij volume of searches per staff member^ 
and this ratio determining the economic constraint . 

Loop Sl-2 is ,a positive loop dep|.cting the influence of 
an Vincrease in staf f : shorter delivery delay ^ more in^ 
coming queries^^ and an improved queries per staff ratio ^ 
which reduces the economic constraint on hires. Loop 
S13 , is a negative loop since an ihcrease in staff leads 
to iower queries per staff ratio and a -^negative .Influ-' 
ence on hires. ' 
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V, THE SIMULATION MODEL AND BEHA|IOR 0F\AN iSS / 

The simulation model is a systentfdynamiGs model written 
in the DYNAMO simulation language see (porrAter, 1968) 
ind (Pugh^ 1973) for a description, Ccl^fepfeually a 
system dynamics model is a set of differential equa-^ 
tions describing the continous changes in a system. 
As implempnted on a digital computer, the model equa-- 
tions are formally a set of first order difference 
, equations, A further discussipn. about> th& mathemati*' 
bal representation; is glven'in Chapter three. as part 
of the detailed TOodfel dis^^l^lcn. ' . ^ ^ 

, For^liting the model means writing the model equa- 
tions on "v^as is of the causal analysis and the causal 
loop diagrams. Normally the equations are more . detailed 

^than the diagrams so the question of selectlrig variaBles 
^"'Y^st be addressed again. 

The 'choice of which variables should: b,e Incliided in V 
\^ V a system dynamics mo^el depends on the purpose of j . 
' the study ^ or the; "point of^ view"^ and on the level 
•af aggregation. The latter is of ten\a consequence of 
|he, former but can also be influenced by available' 
resources. The choice of variables should not be 
based. on what datk is ayailable^ji system dynamics 
study can work the other way point out what data 
is neededi to make the study relevant. 

The boundary for the studied system is both cruc£al 
and difficult to determine* There is danger of omitt- 
ing important variables, which typically results in 
neglected, representation of influences that have a- 
, controlling effect on one or more of the system vari- 
, ables, ^i.e. negative ffiei^^^^ Such omissions 



eould be the consequence of the mbcJfeler'? '•^etihodolo- 
.V gical^blas" (Andersen., 1977, p. 41 ff.) to think in". ; 
"loops". All reltevant relationships between variables 
must be identified tefor'e the decision about inclusion/ 
exclusion can- be made, ^pne way of reducing the danaer 
of faulty exclusions to apply ' precederice analysis 
• V (Lahgefo'rsi 1966) 'whfen consttucting t)^- rnodel or^ if 
this is not done, for verification of 'crucial parts' 
,ot the models This analysis is in itself stati^' and ■ 

variable one poses the question "On what 
does the value of this variable depend?", i.e, one • 
identifies al^- the information precedents needed to 
compute the valu^. Wlion thi,s is dene it is possible 
to .consider aggregations and exclusions. ' 

The process will be illustrated with the formulation ' 
of the representati/on of "quality" and connected parts 
; of the model ISS2 as example. 

i;si:, VAs a starting point for the discussion we illustrate 
||;%fe^^Aswre^ ^ actions , and information 

^■ *"^^£4 a loop structure (see p, 98 for 

.. ,.^v:xl#S^iRt%&^^ Bymbols used) . The decision con- 

trols the action st^am, Actiqn^;changes. the state or r 
condition of the system, here called the iteWl of . the 
. / system (of. 95) , The actual level of the* syS^^m 

affects the' information about the, level, whl<^ is the 
basis for t*he decision.^ ^ ^ 

A^decision^ is typically influenced by a number of in-- 
formation inputs. If every possible information input\ 
were to be included in the model perceivability would 
be lost. If, on the other hand, important variables 
are not included ia the model' it cannot adeguately 

represent the dynamic behavior of the system. 

. » 
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The is'tructure of a feedback- 
loop (from Forrester, 196B> 



The criterion for the Bystem boundary is given by 
Torregijer (1968/ p. ;4-2J : ' 



"In concept a feedback syston- 1^^ clos^ systCTir Its 
djmamic btfiayior M^ises vAiitin its internal structure . 
Any interaction vrtiich is esseiitial tb the t^avlor itpde 
being investigated mast be inclufed Inside* the systan 
boimdary" , ^ " ' d ^ ' 



In other words / a variable cannot be 'excluded Ifl it 
affects a decision which in turn, has a significant 
effect on other model variables given the pu^pae of 
the study. ^ - ■ // 



As an example^^oiiflider the preqeden to "information 



1 



Bo 



bas#"^; they can/be ristedr ■ 

-X.availablility of data bases 

- competitive situati/on (between wholesaler^) 
cost of storage . ^ 

- capacity of the system installation 

None of these have precedents within the ISS/user/ 
f under system being studied. A possibility would be 
that the usersC^inf luenced the ^acquisitions but the 
information -search market is essentlaXly supply driven 
The cc t for building a data bag^^ is very high and the 
motivation to take down a data base is low since "the 
number pf databases" is used as a marketing argument. 

Similarly "formats anfi channels%jare determined by 
factors outside. the ISS/user/f und^r system. 

"Other components" are by definition outside the sys- 
tem boundary, \ ^ ^ 

Price could be excluded froin the model on similar' 
ground^^ since .in practice the ISS o^ss on the costs 
|fee wholesaler, but this would not be quite 
fte since various pricing Ahemes ar'e practiced 




generality of the mode^^^ould not have been 
^^ffSmdn St rated wlthaift. the given 'analysis o£ thh effect 

v of price chanqes (see p, 21)' it had to be shown that 

:l ^/g- ^ " ' - ~ ^ 

■ythe user|" decision are not influenced significantly 

Quality, as has already been discussed (see p. 23), is 
one of'^^the determinants of sales, i.fe. it is one of 
the Inputs to the decision of a potential user' to 
' became ^a^'user as is shown in Figure 8. The modeler's 



exclusion decision W^now be- illustrated as a question 
of crosslijg the^ sy^^tem boundary.. 

In Figure .^^.quality" is shown to be a precedent to'^ 



"users" gi^^msity to query". Here, by definition,, 
the precedents ''to "quality" :.with the exceptipn of ^ 
"delivery delay" are outside the system boundary. It 
is ^ the assumption of t^is study that new users and 
return users behave differently , i*e. act on different 
sets of information inputs. The propensity to query is 
a measure of hoW often a user will return to the ISS'. 
Since he is already familiar with the^service/ marketing 
is assumed , not to. influence the decision to return. 

The representation of these boundary ctossings in the 
system dynamics model is typically done by a constant 
that represents the influence of f .^Jtors outside the 
model on the model variables. When the numerical^ value^- 
of the constant^ is determined it' is important .to 'con- 
sider the effects of all the j. sce^rlertts , ^ ^ . 

The modeler's decision whether to combine two system ^ 
components, be tfey Variables or , constants ^ can be 
facilitated by making a precedence matrix. In Figure , 
10 the graph of Figure 8 is represented in this way. 
From the matrix it can bte seen that "assistance" and 
."marketing" have the sam¥ precedence set, f)the amount 
of staff not allocated to production (ASM) , -buf since 
they, have different succedents (rows 9 and 10) it is 
not without probl^em to c^ombine the two. However, since 
"it is in practice difficult to ^draw the^e-line between 
the ; assistance and the marketing fuhptions it is natural 
t6' think in terms of a combined function,/ and in this 
cfeise a matrix like the one in Figure 9 helps to 
^k|pep track of the original precedence relationships 
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; which are important whe^^ ihterrelationships between 
system components ^re quantifiea. 

A precedence matriK also giveg .an ^eKplicit^ list of 
all the comppnentg. lef t/6utslde .^^^t^ , 
(row 21) , , / \ . ' ' , ^ ^ 

The numerical values chosen for the .parameters of the 
simulation. tapdel ISS2 are representative of an ISS in 
an academic setting. The qwiLntified model rGpresents 
a synthesis of information "^rom literature sources 
augmented by correspondence with^ and study visits 
to operational ISS^s, rfs pfesented in Chapter three. 

y 

The simulated ISS thus begins with a staff of three 
persons. The average number of searches per staff 
is ten per week, arrd management tries to keep delivery 
delay at half a ^week. The potential market for the 
^SS IS 2 000 u'ieifs, each having a normal information^ 
need of almost two searches per^^year. Figures ll»a 
and H^b show the behavior of the system variables 
resulting froin a simulation run of the first 240 weekf^ 
of operation. ■ ■ 

The^ simulated IS^ grows rapidly in terms of the number 
of 'users for the first 60 weeks, and then the typical 
Recline in gr^th occurs wh^n the nmnber of users is 
about .800 * ''From then on thp grdwth is significantly ^: 
|I'owerv but the ISS is satisfying the f under "s economic 
regt|iirementS^." Since the delivery delay is maintained 
near the n6,fe'the ISS expands and has a staff of 4.4 
•^^t'^^thi^ end, of tfte^ 240 weeks * . The number of users at 
that time is 1137^vwhich means a market penetration of 
57 percent. The ISS „^eceives 35 search requests per 
week, and, the; number of new use^s is 2 5 per week, which 
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Reference run of ISS2 (part li; 



means 'that the percentage of "return users" is 29. 

The dverall behavior of the model conforms weir with 
the typical development which was given as part af the 
problem statemerit (see p, 56) . When it comes to comparing 
the volume of business problems arise due to the lack 
of standards for statistics which was discussed in 
Chapter one (see p. 27) . There is also a difference 
between the n^^^ and the statistics that are kepti 
in thm model the users are counted when they decide 
to become users, in the statistics users are not known 
until they have actually submitted a query to the ISS; ' ' 
Ift the long run the figures will he .■Gomparable , but in 
short run simulations the model will show a much higher 
entry rate of users, . , ■ 

Sinc^9\ ISS2 represents a typical service, i,e. is a 
general model , variations in actual numbers will occur 
when the results^ are compared to any particular ISS. 

However, the purpose of the present study is not to 
make predictive statements regarding specif io^^mlues 
of system variables. In a situation where meas€rement 
noise is a reality, which is the case in the present 
study, attempts to make point predic^ons are likely 
to be unsucessful. The reasons for this is discii's'sed 
by Forrester (1961, Appendix K) who concludes: 

"If the presence If noise is ainitted, we must necessarily 
come to the conclusion that evmi the perfect mDdel my not 
. be a useful predictor of the specific future state of the 
systCTi it represents. This does not keep the TOdel frCTi 
being a useful predictor of systOT inprovCTent that will 
come frOTi design changes", (p, 431) 



An assessment of the realism of the simulation results 
will have to be made in more general terms . For this 



purpose ^several performance related and operational^ 
measure'^' were listed as part of the simulations runs 
(see p* 156) and together with the mod'el Variables in. . 
Figure 4 in Chapter three t'hese measures provide a 
basis for judging the realism of the simulations 
results, ' ' ' ^ = , 

Looking at the NASIC/MIT service we can make some com^ 
parisons for the first ' two^ years . Thereafter this hm^ ^ 
comes more difficult since the simulations results give 
an' expansion in staff whereas the NASIC/MIT service has 
had a constant staff* 

The total number of searches during the lirst year of 
operation was 316 at NASIC/MIT (Benenfeld et aj,, , 1975)^ 
the simulated result for ISS2 is 324. The percentage 
of return users is a bit lower for rSS2, about 20% 
compared to about 30% for NASlC/MiT, but this is a 
consequence of the different representation of ^ users 
mentioned abov4* Both NASIC/MIT and ISS2 show, however,, 
an increasing percentage for return users (personal 
conmiunication, Augu'st, 1976)* For ISS2 this can be 
seen by inspecting the simulation result (Figure ll=a) i 
growth I'n^v^incoming queries is,, for the second half of 
the simtiXation run, higher than the growth in user 
entries* After about two years the query backlog for 
ISS2 is ^bout 18? insp'ection of the NASIC/MIT appointment 
calendar at' the corresponding time gave a value of 
10-lS, Hjerppe (19f5, p. 125) reports a backlog of 
10-20 search requests. The annual growth rate for ISS2 
at this time is abo\at 30% which is consistent with an 
estimate from a Stanford study (Program in Information 
Technology and Telecommunications, 1976, p. 15) when 
one considers that the average age of operationa] 
ISS'^s at the time was about two years (see Chapter 
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four^^ p, 178 for a discu^ssion)\ 



Based on'^an assessment df this kind we find the be- 
havior of the simulation model to be realistic in 
both, qualitati^v^e and quantitative terms By analyzing 
the:: underlying forces wfe can obtain an explanation 
for tlie ^beh^Vior,, The flollow^hg analysis will show 
that the decline in growth if, a direct consequence' 
of market responses to; the ISS Operations* 
. • ' ■■ . --^-V t y ^ ; •; ■ ■ 

"The "natural" growth qf the ISS (loop Ul) is amplified 
during the f irst^^yeAr^^ when the volume of queries is 

insufficient to cpnfiLict with^^the marketing activities. 

... ''-as- ^ . - " 

Users 'are attracted to the service ■ by relatively Inten-- 

sive marketing, adequate assistance, and delivery delay 

that is ^practically 'on par whith their requirements i 

As more and more resources are needed for pabduction, 

a declining^ effect from ''marketing and assistance on ^ 

't _ • - ^ 

the enti^ rate (loop U3} follows. 



The reactive character of the allocation policy means 
that the ISS management only allocates resources to 
production based on an established need, reflected by 
an increase in the^ueries in process (loop Q7) , The 
rapid growth in 'terms of Users leads to increasing 
difficulties in keeping the delivery delay ^t the norm, 
The adverse effects on the existing users" propensity/ 
to q\iery are counteracted by an increase in the alloca- 
tion of staff to production and for the first 60 weeks 
the propensity to query does not drop much b#low normal. 
Afterwards, a substant^^ decrease in propensity causJs 
a negative effect on the query rate (loop , The 
effect from the increase in delivery delay on entry 
rate (loop U2)ls slower in developing since the poten-- 
^ not have^ first hand eK^rience with the 




. rate .(loop 02).'. ' ' * f ' '^V- 

The initial growth of the ISS is driven primarily by 
the relatively high inarketihg effort during the first 
year. Low awareness df the ISS is cited as one cause . . 
Of ;£ailure 'to^ grow (Carmon, 1973) / and other studilep? 
support the necessity of marketing activities to 
achieve growth (Berk, 1974). Howevar/it Is important 
tp keep the delivery dela^ at an^acceptable level ^ince 
it is the principal determl^iant of service quality. Bo 
tHe problem facing the ISS management is ;to balance the 
commitments to the. users. Accepting a user* means a com- ^ 
mitment to spend resources on assistance but also implies 
a longer term commitment to answer submitted queries. 
This latte^r coiranltment is not always recognized as b^lng 
long-'term but observed behavior of ISS's indicates that 
the demand for ra|^^ces for production per user does 
increase after a few years * v ' , ' 

The difficulty in binding an ide^l balance , i,e, pro- 
viding aaequate assistance to every user, while .main-- ? 
taining the delivery ^^e^y goal , is Illustrated by 
these results. Delays of various magnitude dependent 
on the effects of the ISS operations result in deci- ^ 
sions by users and potential users. High user expecta- 
tions are generated and management' haS difficulties in 
responding adequately to the demand for assistance as 
well as for searching. ' . . 



The "predicament of the ISS management is complicated 
hy the funder's reactions. The different phasing of 
the users" needs for production and assistance makes 
it difficult to avoid dissapointment in, onerrespect ^ 
or the other. If too much emphasis is placed on satis- 
fying the need for assistance ^ then the dp fivf^y. delay 

r 



is longer, discouraging users from entering' (loop U2) . 
Eventually, the funder's wililngness to support the 
service Cloop Sll) is rjeduced which hinders expansion 
and retards growth. If the prpduction aspect is neglec- 
ted/ .th^^aonomlc constraint, on hiring can become binding' 
(loops S12 and S13) , 

If too ^little emphasis is placed on marketing and assl^- ; 
stance some us^rs are.; discouraged from u^lng the servlcfe, 
and since delivery delays are relatively shojrt|. no 
visible justification exists for expanding the service 
^^(ioop SIO) . tHIs- "no-win" situation is scgnetimes a ; . 
reality^ i*e/ to justify. expansi6ri;%^' staff ^ an in-; 
crease in marketing effort is needed * requiring more 
staff. 

VI. FURTHER ANALYSIS OF MANAGERIAL DECISION MAKING 
FOR AN ISS . / - 

" ^ ' y.'j ' ' ^ ■■ ' ' - . 

R discussion of .developments in the markpt for scien^ 
tific and technical information of fers additional per-- 
spectives on the situation of the IBS managers. The 
decline in batch oriented systems for th^ dissemlna^ ' ■ 
tiqn of' STI (SDI services) spawned much activity in 
the information' science field related to Investigating - 
the applicability of on-^line techniques for St'I dlsse-- 
mination. The new technique changed the nature .of the 
irnformation service provided^ the sutascription orienta-- 
tiori was, replaced by a demand search orientation, similar 
in concept tO: a "retrospective search"* Demand search 
added the ^capability of providing interactlpn and 
modification of the. query during the actual search* 

The economics of the new technique proved dis^aouraging , 
Firstly^ the hardware itself was/relatively costly^ even 



' fpir|igwtatog only" a inirji.jnal service. Secondly , j>fc^ : 
' cd^'mr thm Infottnaticn bafees and their indlcas 

ln»»^^p^ significantly* As a eoiisequence of the eao- ' 
vnottite 4J.flfiaul,tlea for- small indtpdndent centers r a 
f frt^tket structure developed ^here the maintenance o£ 
'tthe large Inforiaation baaes r^led on a rglativsly % 
smll-nttttber of '^njorniiitiaii %^h5i€eftlers", who also 

" .... . .. fi^ 

provide the Infprinatioh proaessirtg resources needed 
^ for searching (Gardner at gl . , 1974^ |^ 2) . The ISiS's- 
^^^it^udied hBre ar^ ret^lleibs"/ and ttre ISS 

management are limited to external devpiopineht.of soft^ 
ware for the servicB aHd Infofcrnation acquisition. ' ' 



The purpose of thi^s section Is to discuss possible * 
managerial actions and /their eff^ given the limita- : 
tibns dictated,, .the structure of the STI market ^^and 
; the deterT[iin antes for staff hiring as modeled previousry. 

Different emphasis Ofi maxte^tioy 

J ^ - — ~ - ~ - ^"^^^ ■ ■ ■ . ^ ^ 

* . . . ' ■ ■ ' 5, 

Marketing is sometimes 'eofisi'der6d the "cure all" for ,\ 
ISS^St It ia true that the typical ISS, has insufficient 
marketing resources^ but If marteting is ^over^einphasized^ 
an adverse effect on deliv^ery delays dan emerge to limit 
resources even inore necessary to corftpfensate for the^ 



relatively long^ delivery deiay, 



Figure 12 fe hoys * the result of a simulation ^run indica- - ' 
tlng ^too much ernphas jtiarketihg and ^ssrttance The 

number of. users grows inltlaily as^ fast as in the \. 
reference run (note that tfte scale ' in Fi^gUre 12 as ^ 
different) thpn levelfe oat just bver 900. The number 
of users floes not^Metsline ^^n spite of the adverse ^ 
effects from the long delivery ^ da lay ^ .since ^tHe effect . . 
frofti harketlhg arid asS is tarice on entry rate is ^re^lativety 



high f Whm lon^^dalivery : delay leads to a s trbng need 
tb expftnd a taff but also reduces t^^ fund^r'a \^iUing- 
nesa to suppbrt the service. The IS S is dlso hinderea 
from skpwsion by the economic 'd^pstr^i because of 
;the low voluma of queries p4c stl^fci rte result ts a . 
'•^marketln^ trap" with the lonf delivery delay reducirig ^ 
th^ Oserfr ^^propanEity to quarty. As a conBaqueiica^th^ 
niarkatan^ jej^ott must inereas ittrac^fcre usirs.^ : 
to compan|ate for the low propaneity to c^^y. ^ Hdwevfer / 
aucH an increase divetts rasources from produdtion and 
the delivery delay situation would TOraen. ^ 

The changa mads in the i,imulation to give Figure 12 
reflects an increase in the indicated ptfed for 'staff 
to marJceting in loop US. There are^ hoi/t8ver/ .other way a 
for m^agement' td emphftsiza-.inarkitliig; the ahange in 
aliacation of reiources (loop ^) can b^^ made^ inore 
slowly. This rtieanp that the pfessure to reallocstai^ 
st^ff Aows that Buch a "feolicy is not ^§dvi sable. The . 
immadiate' affect /is that df livery- delays increase ^ 
indicating a ne§ti Jor more staff which :1s eff#^ted 
6y hires (loop^e^^^^^^ expanjio not hinaer^d by, 
a reducrtion in the f under willingness to support th^ 
servl^ (loop, Sll) . ttnce the flunder reqiilres a^^^lativi 
iong tiine tl forni an opiplon. aboyt the quality of ' t^ 
Barvlc4. Tha growth in bfe^fc users, (loop U2) al^^gyeries 
(loop Q6) ^is ^retarded, and the eco^aj^c .constraint' 



(loop S12 J together with at re^^ed wia}.iiignesi,Mn ^ 
^ the p^tt of the juridei: (loop Sll ) , jwtll soon -re^lt^ ' 
1^ a- reduction of st^ff^ After thtr teduct^on ^e be- . 
havior of theoiodel is similar to trie rSferen^e run, 
bi^ the, r#ault af the ^^ap^ratifens dirring^the 240 weeks 
^as^Worse^in both Qsers khd queues, ^hort terin /successes 
iTk terms of staff expan^iom are cdunteracted by market 



B8 ^ 



. Cfian^ Aft y yfte ^igg of the user populat Ion , ' ' ^ 

The aiafe of potential, market can bf governed by 



^th#. instltutidnal setting^ and it might not be possible 
to impose ^ d1|scr^iTlinat£|ry rules regarding who/rtiaiy^ and may / ^ r 
^not b^oome 4- ,U9er^^^ common, ^howevetr to allow the > 

' ISS ;td fcctew ihe potential user pop^lfition beyond^the ; 
boundary of Its^^rganlzationai hos^ and thi#pblicy ^ ^ 
^ is sometimes \^^l±^'tq^^^:^9X^^^^ grc^^th* Simulation /. l ^ - 
^ runs i^i^itrf^l^ u ^i^es . 

-no slgnlft^%lt^fm^ size . of ^the/poten-- « 

- tial market^ i^pTe4B^^^^^m^^^%t, is: ^prayptlcaylly : . 
identical ' the:\referi^^^^^^ * , 

Of ^coWhcB&, the^ slzi o£^tKa potential rnarkeC^uffc be ' .n* 

i relatea t^: the avaliable Waff . Initial^y^tha n^iber / 

ipf. ^af f ^^fe" a typlp^ ISS is small, whlah.eoulJ be " 
' ' • . ' - - . ■ ■ 

taken to indicate that a reduction pf *tjie eizfe of the * ' 

potential market wo^d be better* Simulation runs^ wlth^ . 

the model show -that a reduction of the riurtber of poten-- 

jbial users from 2 000 to 700 giAres better result in ^ ^ ? 

qualitative termsi i.e. in ternw, pf 'asaistance given r * 

arid delivery del^/ but since th&e fs" no vlsibie need 

for expansiOTi (loop S^O) ^ -thie staff is not increased, - " 

With the sta|f of three the ISS succeds in attracting * ^ ^ %^ 

85% percent of the. (reduced) pbtentiat^-^ers , ^ 

The a^iual si2e o:^th© pdtentiaf^ mk^et is difficultWo 
de(t^inlne( exactly'^ "Th& simulation* results indica^^a w . X 

dangat in overrestrfg^ting thS market^ so that while ^ ;\ 
a^^icrea^e: In the potential rtarkfe'j^,. causes only s4ifht 
chahges ih tne^u^ntitive ' results of the' f5S operati^^s/ .: ' ^ 
at, least; "normal" expansion is possible.. ^^V . - 
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Ugef educat'iliii . ' 7^ .' 

user educdtidh ha^ alwayi beenBCdhsicle^ed a part ot 
"the marketing of ,is§tg. "iiiilTliiTlT"^^ 'f^ -' -■ is 'that an 



-1 ■; ^ 



it^SV like many^^Dther^.^i^^M|W0risi4^ e^tit^ri^ 
sponsibllity not only to/ J^^pSdp^^ but ^so to help^ 
tham h^lp themselves ^ And^hqr , rM^Qri i$ that fcn edu- 



dated user has more^'teallat^d expectations regarding 
the inftormartibn seartfh^ service. # ; ^ . 



With regard J:o delivery^ delay^ i particular, over-- 
ejypectation- has bee^. ^goj^or^X^ general tendency to 
; overestimate the speed '*p£ computerized processes is ' 
^part d£ the reason for 'this, but ■bhe:**SS''slhave also 
reiiftprced trie impressioB: b^^^l^p^ling to this bias . 
in, yieir advertisin^%nd. m^th^^iftiq. The resulting 
disappointi^ent ef fpct/ .when1^4t becomes clear that fhe 
igs does not give "ihstant access V to the^.litertfture 
ris greater than it ne#3^-be, , ' \ \ 

The (siinulat^n" model wag run with reduced send^tivlty/^ 
/to delivery dela|^ on t|ie pai f. of ^^e^tential.^ users / 

:£ec^jon the decision 

;iniulation is \ 




%|/e', delivery delay has _ 
to bec*^m^j^ user. The ren ' 

given in Tigure 13^; atid shows a .s^^iptf^^catit impcovement 



.^f t 






, compared 'to trf& ref ere^ae r^un , / 

mt^at^usfers feeing s^jpitiv^^e deli<^ 

^elal^s^ . actual w^sV is 'not^^iscoiira'gedy and .t^ 
Ba\reta±nB ^qre .oT i€s business in spite of^^ecreas 
in the g^pensi;ty to query ^o . that' expansion^ is pos.sible. 



Sta^ :grow5^-ito ' 5 ^5 at the end of the 240 waeks .am^^ia^ 
^ krs is. 1450; >he ISS gets 43j.ff, bbmid^ 

^ users^,eri'^^,.,.,^he 



numbef^tof 
^ fequ^StSv'per week "and 32 



c. 






it 



6r 



,9b ■.-■fV 



VARtABLE 




Simulatlpn YVsult when the aengi- 
tivity to deli^very dD^ay is ^^dRteed 
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• The growth' cutve for the nur^er of useri(' in Figure 13 
'\ has a "kink" around week 65 '^Vt the leVep^lng o.ff is . 
s not nearly. as dramatiis as ift:^ the reference run. The 
quantitative results from the, simulation compare 
favorably wtth^.a jeimulation where the f under imposes' ^ 
<^ no constraint^^n the eKpanslorf.'ofi; a^|pff , 'in ot^^ 
i words^, the negative effects from overeKpectatlon^B-' , * 
^rding ^^livery delay, can^ iiihibit growth almost as 
much as the furider^s constraints, ^Phlf ^^^haiizes the 
, importance for^SS managers that :the mariitlng messages " 
and liger eduq.atidn prograqis eonvey a realistic picture 
*^^f exE^ctatlona*in %erms of delivery delays. * 

■ ■ ■ ^ / ( 

* - . ^ -- ' ' ■ % ' ' 1 J- ■■ 

- ■ ■ ^ e 

VI r , CONCLUSIONS FROM THE SIMUUTION EXPERIMENTS 



Prom thll "analysle of Infor^atlAi sqiroh sermces 
* from this cf)inpfter Simula tloijs", of t^^ ISS model We 
,4raw thte fdllowing 'concl 



can 




1,^ The offcen experienced decline In growth in %ii 
nuAber of ^sers can -be explaiaedvas a r^tural 



consequenoe of market responses *to t^he 
operatidns . 



tss 





might ^oat/ 
^^wfehy 
mportanfc' 





The -ISS' management is in a contradictory 
situation where Ipng delivery" delays. pri 
\^ .|astif Ration - for. expansion but/ inhibit 
i A'^re^ation^ in the sensitivity^ .to delivi 

by appropriate mariceting and^user educat^^_, 
is_ ^ri effective way to allevlatls this problem. 

/Marketing is not a ciire-all f or JSS's land over-* 
'e^hasia^on marketing! can fae^hai^Siul for the 
grbwth bf the ISS, especially if tlie , , 

has a oonstraint relating to the voiumeVof 
business per staff. In .which case therfe" is -^-^^ 
a 'pd-tfentjtMI '*ma^^ »trap" 

, ^ I, ' . ; 

Incree^ing^ the-.^lzr-of potential market 





to avslgnif leant increase in 
^£l^lently large^market is 



s^±r)t "MormaVJ ■ "growth 




,1 



/ \ 
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The deseriptl-on of the iSS/user/f under sys^m thal|tas 
#iveh both Iferbally and in form of causal loop '.diagrams 
■in the f orm^ipart of , oh^pter two w|b the basis for 
the development of the silulatia^ model ISS2-. Based oh 
results from simulation experimenta with thigf model 
the analysis and^ conclusions al^he latter part of the 
chapter were made. 

ISS2 is a system dynamics model. This methodology is 
described by Forr6Bter'',iC|9& 1968), Goodman (1974) 
a.o. The langua^j^J^sed for the aimttlations iS'DYNAM 
II, which is del^^bed in Pugh (1973)-, ' 



1 1' MODELING TOOLS 
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Gonceptually a system dynamica modal, is a system ,pf 
differencial ^e^^ftj.pns of the ■ following form: 




-(h) 



4 



(1) 

• (2) 



wlxare L is the vector of "lev^s*', ^ is the vector of. 



t is time- 



level rep/,s^t 1:, _aq.umut*ion oh^sa.tces.;or^.in-- \ 

popaiation ^of GUstpmer\^^ ^ aotivijfeies 
in ^ 



J 



y 



stem such' as f of money, -streams ,%^^fbrffltf- 



ite 



able ie used %o break ;disjm'^ the.-*deci''t3.o^^if t 
rfPre detaJ,led /parts* .whfqh 'sogtetlM^s is; 
''Clarity. ^ ' - ' ,\ . ' ^' 



tion?, shipment of goods h An ^ equat^Qft ' d^f |M.ng' ;# | 
represents a deq^^sion liT^he sys&m. Ati ^MIIMM 
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Equations (1) and (2) ckn be. represented by 4 feedback 
loop (Figure 1), Vith the arrow from rates to levels 
representing integration, , , .---•'^ 



,1! 



Figure 1 



.Consider a tank of water with , both ttiflow valves and 
outflqw valves as an ^temple* Th^ inflow rat» causes ,\ 
the level of water tor r^e and/ =bhe outf low rate cauaes , 
it to be lower, J At any point in^^Ame the level, o^f w^ter 

Is equal to the initial level plute the .net effect of ^ 
the inflo^iand outflow up till that 4ipe* Thus' the wa- 



ter level is given by; 



where 



L. = + J (iw - OF)dt 

^ ^ Ok ^ 

is/^the leTei ot water at 



3) 



any given time t 




L« is th# ±n^ial le\;lia:Wf vrater- (at time t^O^ 




^..^^P la the ; inf Idw^ate,; ; ; ' ; ^ V = 
OF is the outflow rate ^ ( 

-^t is ^He* dif f^fentill operatbrV 




s j^gle^iPnted on^ a iM^^ital com^i^er the process - ols^ 
inte^ati&n iS 41^ DXN^O approKiinatea by f<fc'st--order ^ 



>c&lj^a^'^vel equ^ti^s, of the 



F^.dk - OF.^^-V (-4) 




•»f 



^ m 





te the variable 



; Where th^|p|^^ t . ) is used t 
Inamess from the time indices 

L.K new value of l^l^T (at time " K) 
L.J ^'^^revioua value of level's (at time ^ J) 
DT ^ the^ elapsed time between^Wfflfi^^ J and 
time ^ K 

iP>iIK ^ the yalue of the inflow rate during 

the Interval JK ' , 
OP.JK ^ the value of the outflow rate during, 
the interval JK v * / 

In order to compute the factual value of the Ifete,! the 
equations defining the rate^ must also be known* Tike 
general form for a rate equation is ^ ^ 



R.KL = £ ■(levels) 




levels 



iin, 



(5) ■ . 

bf computed at ; 

uGce^Kttg time r interval , KL , 

■ , . ^^3- ■ -.' . ^ ■ ^ . ... 

p^on f can be^ any functlo^ 
the ^ watertan^ fts an . exarajplA ■ : 




/ 



When the values of 
time K ttte rates f 
can b^ determined, 
of levels. Taking, ag 

the outflpw rate could be proportional to the^amdunt 

^ I ' J ■ ^ ' ' ■ 

of water In the tank. If the water tank is part of a 

Bya^e^ nviti^ human operators the inflow rate could de-- 
pe|id on h^w much the volume of water in the ta^nk dif- 
fers from a ^'desired vi^ume. " - - ■ ^ " / . ' 



In this latter case the ipf low 'rate depends on the 
operators deciaiob# and the rate equation is a pol 
atktement that describes h0w decisioj(s are^^made 
ife co™(8yi in system "dynamics to let the terms "d 
B^n" "^^Icy" have a broai^meaning: / 

Q "Mley go beya^ tiie .uSual^humm dTCislons Bnd inclbfle 
rontool prece^^es that ^e iirpllci^t in system stnact 
md 'in h^lt ^Ad trhditlqnr^jate- equation (or pol 
_.statpnrot) might describe ho^ the hiring rate in a.^im 



i 





CM 




^^^^^^ J^indB <^^^ i^rel oi'mtaBcv^ijm^^ of arM^llable 

1^' . tive and. IntLdtivG re^CTises of j 

within an organization # a 'rate e^aticii 'imi^it ^pres^t the 
e^licit policiee ;tftat Gdntocoi ^vOTtory ordartog on the bMis ' 
of currmt inventor aifl arorage sales rate, 

. . ' ' ■ { . ^ - ' 

The rate ^uatioia ar? noie si^tle thm tiie levBl equatiohs, 
. The rate equations state our perc^tiOT of how.the real-systan 
dicislons rs^jOTid to the circunBtanees sun?6undlng the decision 
point. (Mass, 1975, p. ,164) ' , * 
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.^r^ When developing a system . dynamlcf^iftdcielv 

■ are often used. |In these diagrams a leve^ is represril'^ 

ed by a. rectanqie and ^ rate ' varjiaE^^fey a valvelike 

symlDol. G?^clfes r 



rate ' variiattj, 
epresent auxllia:^y^^fciabl@s . Ah exa: 
Q^:a flow diagram is given in Pigu^^l* . 



1 




n 4' I . 



5 L 




E 



Figure 2 
mgle of '^YN^^^'f low diagrani. 




tl 



In this example the eo^id arrow, through ER Into U re- 
preeents "the flow of users. The ajrrow Btarfs in a ^cloud 

^ like symbol which is bailed a '^aource",^ Hera there is 
only an. inflow of users; bulS if 'there had been an out-^ ' 
flow as wall this would hav^ b^en represented by an 
arrow going into another plcud^like symbol whioh then 
vrould have been. Gaila|/a^ " links 
are illustrated by dashed arrows going from any level; 
or auxiliary variable to each Auxiliary variable or 
rate affected by- it. Information ^'take^off'^ Is ^shown 
by a small circle.: Constants are dra^Jas , short solid 
lln;es next to the namfe of th^ constant . - In Figure 2 - 

,we see that the /tfecruitable population R depends on \ . 
both the current number of users U and spher potential/ - 
population P. ' \ , ' '^jy ; . . . * ,, ^ 

The number in the syinbols fo^;levels, rates, and4 ^ 
auxili^is^ is t^ia numbfer ^of 'the e^fetidn |^ v " - 

tiVe yariablep- / - - / ..J 



pocumentatlon .equation format ^ ^ 

' L ^- ^ ' . ^ . ; f . ■ 

^ ' J ' I • ■ i' ' '^ ' ' ^ 

For presentatidiy of a,, system dynamica mode'l the DOGU- ' ' 

MENTOR program (P.ugh, 1973)* provides a Itfdel^listing ' 

with derinitlons of quantity names, .and Inforinatlon' . 

about equation nuinber and type. The mode l^Sln- Figure '2 \ 

would appear *aB follows in^ tlie DOCUMENTOR ^format i " > 

■ U.K « U.J + (DT)x(ER.JK) ' / 1, L 

U UN ^ . ' " \ , / /l^/,- N ' y \ ' ■ 

UN - 0 ^ - . . fK-: " • 1*2, c ■■ ' '/ 

. U - USERS (USERS) . ' ■ ^' / 

ER ',- ENTRY RATE (USERS/WEEK) ' 
%N - 'initial Nd. OP' US^RS ' ■ - . 




ER.KL R..KX;G;' : 
« 0.0374 - 




2, R 

2; i* , . c 



EF( - teNgSR^RXTE (USERS/WESK) . 
R R,ECRteA|LE/ POPULATION *\ • 

(USERS) ■ * Ivs^ 

G - GROWTH CONSTANT, (FRACTION/ 
WEEK)^ . 



R.K - P - U.K 
P' = '200t) 



3, A 
3.1, C 



R - recroitS^e population 

P'' POTENTIAB POPUl^TION 



The first line of this , aKample Is the equatiQn^ cleft ji^ 
— / i^i^j^^ha nuii^er us«rS|. which is a levels ab any gf^eh 
.t IHt^K . *^Thi a jiun^r .is equk^ to the number of; ^sers ^,at 
' tH^l^reviQUs poiht in time j| plus ^ the .value of the' ei^^^^ 
try rate Eft^during the time jinterval JK- multiplied 
. ,^the ieng^i Vof the time inier^fal^T.'. The "1,,^L" to the 
iJ/Cj tight of the equation is th^ equatloh number and type. 
^; TJh€ equation nwBber can also be found in the flow dia^ 
"'gram in Pf giire 2 in the IfeV©^ for users Equation 



'ir. . >r^ype "c&r^ be one of the following : ■ 



I denot j,hg ' l^^vel 
N.j|enoting 



alip'a^e of level 



^ -^l^ting rate 
A' di^ri(|tlnf; .auKili^j 
c\ .dqni^^^g'^cQhBtant I 
T ^ehbting tablefunc^tioft 





■ " .ft? 
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the second iine of the* exampre is. an Initial Value^ 
assignment indicating thor initial humber of users to - 
be equal to the constant UN, which is specif ie^d in the 
next line as a constant having thfe value zero. 

The variable names appearing in the equation are' then 
listed together with their definitiona. In parentheses 
are given, the unitk of measurement, . ^' " > 

The fourth equation of the example ("2v R") is a rate 
equation describing the entry rate ER. It says that , 
for each coming time interval of unit length the entry 
,rate is equal to a growth constant times the number of 
recruitable u^ers R, The units for ER is users/week 
but this does not mean that the soultion time interval 
DT is one week i DT is specified separately as a control 
parameter for^ the execution of the simulation program 
and specifies the timG between successive calculation 
of the values of the' model variables. Since the growth 
constant is equal to. 0.0372 the entry ratej, measured 
in users/week/ is equal to 0.0374 times/ the number of 
recruitable ^users . 



Equation 3 is' an auxiliary equation indicated by "A" to 
the right. It defines the recruitable population as 
the difference between the potential population P and ' 
the current number of users U.K. . , \ . . . - ^ 

Equations 2 and 3 illustrate the use of auxiliary ^ 
equations i it would have been possible to define the 
equation for the entry rate directLy as ER.KL (P - 
U.K) X G, In this simple example perhaps clarity is 
not lost but when the equations are more complex this 
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The #Hample discussed a^ve Ib .a 'aysC^^^^^tei Capta- 
tion of a dyna^i^ inod^l preserited .bir y» for' 
charadi^eriiing the growthi pattf of ^^^^Mii^v^tlliza" 
tion. Waare^'s growth model is base^ o^^ ^t^^^l^^wlfeAjgj 
first'-ord^r equations - ' 




Thm ft©,tatiori, has been transfQrnied to conform w 
defintt/ions giyen afeove. The *correspond^.ce between _^ 
the 'system dynamics model and the dlffierentlal' iequa*^^ 
tion is^asier to see from the following set of equh'^j 



tlone I 



ER - = G ^ R . (7) 

^ P - U . ' ' , / (8) 



This is also a practical illustration of what f^as said 
ihitial^ about the ^conceptual foundatlop.^ of system 
dynamics being a system of differential equations of ^ 
the form given by equation (1) and (2) which are , > 
reprinted herer ^ 



= ■ § = P (A) ■ ■ (^:: 



'A = G (L) - (10) 

where L is a vector of "levels", R is the vecbor of 
"rates'S A is the vector of "auxiliary variables", 

and t is time, - ^ a ' : 

... ^ ^ ' ^ . . 

In the following all equations will be given in the ^ . 
DYNXmO form.. Common notations for these Equations are ^ 
sunnnarized as follows. 
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IN ALL 'EQUATIQNS I tiitie Indices are wr 

the variable name separated from it by -a fiaAji^d (,) 

; ■ ■ : ■ ■■■■ W-i- ■ 

'TIME INDICE;S denote both point in times and time 
intervals Recording to the fojlowingi 

" J ; denotes, the previous point, i 
V * itime and is used in level and 
^ ^ ^lauxiliary equation . ^/ 

' ^ K ^^enotes the current point in 
' ^ f. ' ^ time and is used in level and 
: ■[ ' -'''^ auKiliary equations 

JK ^enotes^.the time interval between 
] . j\ and K and is used in rate equa- 

. \ tions (and sometimes in auxiilary 

, . : ■ equations containing 'a variable 
; that is or will be smoothed ^ 
- &Be p, 105) , ^ 

KL denotes the time interval between 
K a'nd the succeeding point in 
[ , ' time/ and is used in pate 

^ equations . ^ ^ 

DT denotes the length of the time interval between 
successive calculations of the values, of the itiodel^^ 
variables and is used in^ level equations* 



Special Functions in DYNAMO .\ 

The DYNAMO, compiler -can perform ^ a. number of special 
functions (see Forrester, 1968, chapter 8) , some of 
which are used in the mode! ISS2, ' ■ ... 

p ■ ■ ■ - _ ' '■ 

The /TABLE function gives the numerical values of a 

dependent va^riable as a function of an argument (in^ 

dependent varaible) by performing' ilnear Interpbla^ 

tion between points in a table. This is a coiivenient 

way of expressing e.g, npn-lijiear relationships be^- 

tween variables. The formats of the equations needed 

axe the fol lowing i 



DV.K " TABLE (TNAME, IV. K, Nl, N2, N3) xj, A ' . 
. , TNAME = E1/E2/ - - - /EL ; n,l, T ' 

where DV.K Is the ^name of the dependent var-iable 

'TABLE is thm f unction/name . ■ • ,/ 

TNAME is the name of the table on which thd 
function is to operate / 

IV*K; is the name of the independent variable 
for which the corresponding table entry 
is to be located , (level or aUKiliary 
r Variable) 

Nl is the value of IV.K at which the first 

table entfy is recorded 

* N2 is the value of IV.K for the last table 

entry , . ' ■\ . ■ " / 

N3 is the interval in IVVk between table 

, - entries . 

Bl is th& value of the table at m^K - Nl * 

E2 is the value of the tftble at fv.K = Nl + 

: ^N3 . ^ ^ 

: ^ EL is the last stable entry giving th^ value 

.of the table at IV.K - N2 » 

fi/ h the equation number and type (auxiliary) 

n/ 1, T is the equation number and type (tablej 

' The following figure illustrates the TABLE function: 




Figure 3 
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The TABHL function is slmliar to the TABLE function. 
The function name stands for TABLE with High-Low exten 
sions. It differs from the TABLE function by allowing 
"the Independent variable to be outside the range apeci 
fi^ by Nl, N2. , When the value of iV.K is less than Nl 
the value of the dependent .yariables is equal to El, 
and when. the independent variable is greater than N2 
^then the value of the dependent variable is equal to 
EL. The TABHL function has the same arguments as t,he 
TABLE function J , T,- 

\ , TADHL(TNi6ffi,IV.KiNl,N2,N3) 

Tjle MIN funqtion Is one of the DYNAMO functions that 
perform logical operatlonB. It is written i 

■ ■ MIN(P,Q) 

-The SMOOTH function is a first ord'er Information delay, 
*The funqtion contains an integration, i.e, a level, and 
in a flow diagram it is represented by a rectangle. 

' ■ ■ ^ ■ 

^ ' "It is used in an information channel to produce a first- 
ordei: expOTiential delay. It represents the process of a 
, gradual, delayed adjustanait of recognized information 
movijig toward the wlue being su^li^^ a source. It 
is used to gOTerate a delays avmraiess of a changing 
pituation" * (Forrester, 1968, p, 8--22) 

The furic/tibn is writteni 



PV.K - SMOOTH(TViK,DELTME) n, A 

* ■ ^ 

where PV.K is the^ recogriized, or perceived, value = 
of the input variablG 

IV*K is the Input variable whose value is 
delayed ' 

DELTME vis the dej^ay time - . \ 

ft • ' 
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II. ■description of ISS2 • 

The desci'iptioh of ISSZ will be based on a DOCUMENTOR 
Xistiny of the model. A DmMO f low diagram of lSp2 1 
• cjlven in Figure 4." The equation nwnber a of leve4rrat 
and ^luxiliary equations can be found' in the DYNAMO 
flow symbol representing the variable in question. 

One of the basic physical flows contained in JsS2 is 
the flow of queries, or soarch 'Vequeats. . Equations 1 ^ 
4 describQ how the backlog of queries changes. Equa= 
tion 1 is a level equation defining thp query Ibacklog 
Q which is increased by the query rate QR and decreas- 
ed by the answer rate Ar'. Equation 1.1 is an ikitial 
value equation stating that the initial value 'if the 
query backlog Q is to be equal to the constant '^N 
which will be specified later, - i 



Equation 2 is a rate equation specif ying\, the query 
rate QR. Incoining queries depend on two iungs: the 
. number of users U and their propensity to\query Pp. 
Sinse both these things wil 1 vary with tiirie It isl not 
poss^lo to rep^sent them with constants . Whe number 
of usiers u is aHove:^ and the propensity td^ query \q 
is an auxiliary variable, hence the time sul,scr ipt \k . 
Equation 2 states that the query rate is equ^ 1 to 'tbo 
number of users times thpir propensity to qu^ry. 

Q.K-Q,J^(DT)x(QR,JK-AR.JK) \\ t ^ 

r . ^ is N \ 

Q ' - Quury backlog (queriu^) ' , \ 

QR - query r-ate (quetius/wopk) \ , \ 

AR - Answer tate (queries/week) \ \ 

QN - Initial no of queries ' . ■■ ^ \ ' 



I 
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QK - qiii:*ry r/itr Iquorion/yf^vk) 
* . U - Usorfi (uHprM) 

AR AnHWur rntv (qwvi ivn 

AHP - AI 1 Of j(Hi of MLriff in prndurtirm fflfflff) 
SIMJR - fUnlf prudijcl i vi ty (qniu i r M/Wrnk /m t. »i f f) , 
KQAAK- Efivci nf qut'ry vn i Uih i 1 i t y (ui /inMWfM r.iir 
(cl i niPiiH r^n 1 <»m5; ) 



Tho JnBWf^T r.ifV^ AR whifMi if; MprHMriutl In KquatlDn 1 if 
■tM|ua! to t h'^ nnmhi^r of Hfcirf . 1 1 1 Drn ! i^ft^f c > nnnrrliinq. 
ASl^ytlmtji; thC!ir protlucU 1 v 1 Ly l\V(jn .\w] u minr)! f^ffncM 
I rnm query riVri ii.ihi ] i fy KOAAR . 

In o(}uaticinn ^ nmi 4 .J ffic nff.f-L of (fin'ry .jvnihihill- 
ty nn annwur r.ifc KgAAH in rintinnci nsinq i hr^ TAIMIf, 
rutu;t ioii (:;f>n |M(|M |()S)'/.W*> kfu^w tlhif wlnMi thfTi^ .nn 

annwnr-. IL in .i 1 ja > qK)!i:; i b 1 1 ^ tlhit ,i m y low voliinm 
<jf <|Uori(**i wilt l'M(I \i} an imif .isi' in tin* n*Mu>fiii 1 i nq 
dfluy whic^h Icarin to a (ItHM'fMi.f* jn prcHiu^M i v i f y , r\u^ 
ii^v thin in tfiat f iu ' \ i v c a aqi ^ wa i t i ng t i nu ^ w i I 1 
incrrani' wlinn (|iua;y ha*/kl(u| in v^a y low ninrr^nnly a 
1^^*'^ inlonnaLicai ban., j avaiLahh^ at any nun 

^ ^H'' *HKi^ I quiay inunf wa H uiii i | i hr. F i.|.^vMnt par t m 
^^"^^^ i ^'^^^l^^- 'I'^H' vahiM Ml i:gAAK ntMMild flnMnjMiM cai^^ 
when tln^ quta y Ihu^klfjq lia n n n M m m i , i .Nataiji iiiaqni- 
tucio, and Itf Mil ,M<jiiat ir)n J wc n-* > that, in tliin rnnh.^ I h. ^ 
an'iWfa- Fat^ AI^ will ho t/c^ua I A <) I h(^ nuinhja- staff 
a]lt)cal<nl \n i)in'\\u-^ \ \ on , ASI^, fiiiujn tlnar { a od in a i v 1 t 
When query barklnn in znro KpAAI-^ in v^orn. 'ph'^ connn- 
cjuoncu^ or thin in that whun thnm urn no ciiica i«>n t h*^ 
anfiwor rain ar wil l bt^ -cr^ MMMrdhna; <m t h^ nuiubfa 
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!'f*prnFinrit rnl by n tflhln funr'tjfin i 1 1 ufit 1 nrl in Flqurn 



t 



1 



1 



/ 



.01 



=^ , ... 
.01 



Wi' fbiVfi frnirHl vio r f ^^t nru 'r* to f hn f)rf idtic t i v I t 

(iiM' r*wif^i ruf I'lfpfM f>r qiHMy iivn I 1 tib I 1 J t y in iho 

1 I t fM Mt urn / *indl it Im fikc^ly thnt flilH offncM Jn v«m y 

mna I 1 rnnip.iroii to f of fort of a rhrini|n in JAt^nf f 

.1 1 I < H'ti^ i nn . IsQAAH thfMfffUf- h'i*\ t Iw^ vn 1 fjnr* ffu- 

tnw.irci!; /rMc^^ wh i t:'h it iinirU i.y phyi^ilfMi ni m ^ s 1 t y . 

In fMfu^it- inn '3 , 1, Mu> f ri'h ] f^ rrMU^A If is i f j ( h1 . Tn- 

fMHiaf Ion \ w*' M'' y lu; ' t o I 1 ()w i na nnifif^r i fM ) r f ;pi Mi fj^ - 



r ion 



0 . 



fj . 1' , n 



KQAAR.K-TAUIIi; (TKQMR . Q .K .0 , 0. 02 , 0. d03) /*, A 

TRtMAK-0/. I /. ')/.9/. /..I, T 

Jil^AAH KffiH't nf qiiP^y av/il l^lj/i 1 i ty tni 

/ SP(^H . IJtAff protlugi i V h y (fjiMMMpa/ 

■ ' ; ^ wnnk / m ! ;i f O 
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Tin* !iuliihor of ({licrlns n h Lri f,f mnmboir Ctin nnswor In' a 
wfM^k cJjuix^nciM on how .much Limf^ Ui iipunt on nnnh one, 
Tho d iit t" Hrjarc)! timii ^ec^rpB to vary gruatly d^panding 
nn thf.i j)ln 1 f)r,o|ihy of ( lin \^^% fioino BtarviccH 5;pGnd 
r o la t I vnl y 1 i t Lii^: Ht n r r tiinu per srnrch/ wherc^cis 
ot luM B MiH^rKl .i <jroat c3cai. One hour seems to bo . , 
u Lypicul Boui ch. tiiniuv which indicated by the SDC 
impact r;tiuiy ( Wainrrr ',fy.^ U , 197()| p. but tha 

vol y Hhf)? t Mriif^ the hurrriina'l (moan va hio 1.9,1 
miniitf-i| nuuMan va I ik^ ^ \ mInuLeH) rcjveab;> that thn 
:uM!<Mi r(M|UfM;tM imis! br of a i^r- lat: i Vt^i^ Miinplf^ kind. The 
cu! ! (.'Sf )i uif 1 ijjq I iinu tcjr the* NAH!C Horv irn at MIT j.s 
a|iiui:a (liMihh^ (niuan v,iJnO 37 )n j rfuTnTT (Boncnfeld ot al,, 

and anothiM inH (jprrtH i nq in a uniyGrsity and - 
rf^:uiar(Mi pn V i ? oniiuMi I , t:ho Royal Innhlti/c-c^ TGChRO- * 
h^My in(% Mivpii an.avtaaqo fu^arc^h t \nuJcif'^2 ^cR^^ ^ 



l'a:;(Mi i>[| ! h* ' * ^ (_H u iu, i d u r^i t i ( )n :i Wi'* (Mnicrl udu thot i^or an 

' 'p' 'I >o; ijMj in ci riMUNir(.:li fMiv i t nriiiKMil.^ Vmic] /iuaiincj 
^iU) itMai !V»Hy roiiif)lox noarefi ?tM]ii(^;;tH IJio number of 
-"'i J ' d^«."^'> p^M ntaff pr>r wtM'k iiiust Iohh than 20, and 

^hat a h.M:Mbh.^ bjnq-^jajn avuiaqf^ in <ibouh JO*^The SDC 
unpa^a NMidy (Waiup-f at rsU, Mi/G, p, ] 4 ) ' q i S/rn^ a 
:nis.nr vaiac k*' La'accheb pcLLtuaticd in ti week of 9*6, 
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m equation 4.2 staff productivity measured in 
^ueries/week/staffr SPQR/ is set to equal ten. 

Equations 5^7 specify the number of users and how 
they change. In this model all* effects on entry and 
termination rate have been aggregated into multipliers 
for the entry rate only. This has been done to keep 
the model simple. Since we are not interested in keep* 
ing track of individual users but rather the flow of 
users a decrease in entry rate, is equivalent to an 
increase in termination rate. 

U,K-l!.J+(DT)x(ER. JK^TR. JK) 5. L 



^ U-UN , ^ 5.1, N 

U - Uanrs (users) 

ER - Knlvy rate (usorH/wuek) 

TR - Tenuinat ion rate (users/week) 

UN - Lnitial no. of lusurs 

TR.KL-U.KxTRN ' 6, R 

TRN-0.02 6. 1 , C 

T R T e nil i na t i a n r a t v ( 1 1 .s v v h /weak ) 

U = Users (usur s ) 

TRN 7 Torminatinn ralo nornial (fraction/ 

. WL'Ck) 

KR . KL-^ ( IK K ) ( UGN ) ( KMAER . K ) ( EDDKR . K) ( mVK R , K ) / , R 

VA\ - I'aiti y t at i' (uscm^s/wlM'U ) 
U - Usurs (users) 

Ut^N User grnwrh rale noriual (fractitui/ 



week) 

i'MAER^ Effect 6i marketing ami assisLaiKu^ on 

entry rate (d iniens inn less ) 
Ej)l)EH- Infect ef deliviM^ delay on enl rv 

. rate >d inuMis i on 1 us s) 
EMrER- Effiu't of market peiieti ation on t'lit ry 
(d 1 mens i on 1 ess ) 



in. 
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H 

Equation 5 ddfines the iffumber of users U a^s a level 
which is increased by tho entry rate ER and decreased 
by tho turminatiion rate TR. The initial value of the 
nuitiber o f u ser h i s det arm i ned ,a s be ing equa 1 to t he 
constant UN. fhis is specif icd in the initial value 
etj^^a t ion 5;. 1 . 

TiiG torniination rate TR is dofinBd in equation 6 as 
the F=M'oduct uf the number of users U and a termination 
rate norma I - 'IM<N In eciuation 6.1 i'HN is set to equal 
O.O:^. Thli,; ineanH that each week 1/50 of the users 
leave the service or, expressed differently^ that a 
noriuaL time to remain a user is ^Umut one year. Such 
a short time reClocts the relatively hiqh turnover of 
ptH.)plu and chanqes in rnterest characteristics typical 
of an academic setting. The torniination rcite is diffi = 
cult to nfeasuro since there is no formal contract 
which has to \)u canceletl; a user will be invisible 
lo the ISS between the times he submits a query. In 
tills study we have chosen not to try to estimate tlie ^ 
t>hysical termination rate but adtq>t to the approach 
of defining ustM' as sc:)moono wh^ dt>cidea to use the ' 
ISS and thon cons i der ' h iiii u usoi t or a normal user 
1 Liiu^ of SO weeks ( scn^ page 59). In the yearly statis- 
t ICS ke[q by o})eratlonal fSSs individual usch^s are 
t.ypKMlly noi t racotl so our apf)roach |s c^onsi stent 
with practicu^ which makes i. t easy to cc^mpart^ Simula- 
t ion results' with [)uL)lishod statist ic^s. 

In this niodid all otTects on tMitry and termination 
1 a t havc^ luMMi aqtjrogatetl itito mult ipliers tor the 
'MU ry ra^ o on i y . iMri s has been lione t o keep the model 
siiiipli-. SiuiM^ wc ari^ not int tU PstiHl .in keefoing t ratq^ 
o individual ustu s bu t\ rtithor t lu^ flow of u^UMs a 
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decrease in entry rate is equivalent to an increase 
in termination rate, / 

Equation J defines the entry rate ER as a product of. 
five terms. The first two tprms represent the/un-^ 
disturbed growth of the number of users and tm„--^ 
remaining three terms representant inhibiting fo'rcesf ' 
The inflow of users then is stated in terms of a nor- 
mal growth rate which is modified by multipliers that 
represent the deviation of the actual system state 
from the normal with regard to delivery delay (EDDER) 
and the amount of marketing and assistance given 
(E^dAER) , In addition the normal growth rate is modi- 
fied by a multiplier representing the effect of market 
penetration EMPER. 

The user growth rate normal UGN is specified in 
equcition 7.1 as being equal to 0.0374 , This value is 
based on the experiences at the University of Georgia 
, Computing Center and other infortnation cente'rs. 

It is, however, not a trivial matter to estimate UGN. 
For ISSSj as for many other growth rates ^ observed 
I values are a function of many variables. In this study 
the factors affecting the growth rate have been reduc- 
ed to three major influences/ as seen in equation 7, 
that modify tiie normal, or inherent, growth in the 
number of users. Of these three one representc a 
market saturation effect (EMPER) and the other two are 
multipliers representing the effect of a deviation of 
thu system statu from a "normal" statn with regard to 
del ivory delay (EDDER) and the amount of market inq and 
an^^istanee provided (EMAER) * 

i 
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We can ignore the market saturation effect when look- 
ing at the initial growth* Since data on UGN is not 
available we have to find a proxy,. The main considera- 
tion for shoosing among available statistics is that the 
growth of users should be aa "undisturbed" ai possible. 
For example^ a change from a free service to one that 
costs money will disturb the growth pattern. 

We believe that the data from the University of 
Georgia Computing Center Is the best available even 
though the service is an SDl-service . From the account 
of the center "^p operations given by Carmon (1973) we 
can infer that the amount of marketing and assistance 
was adequate but not excessive^ the introduction of 
the service was preceded by an earlier attempt which 
failed "due to the lack of professional staff to in= 
terface with the users" so when the service was re= 
started ''a full-time staffs although small, was em^ 
ployed" . Furthermore communication with the centeir* 
was done via a terminal network and "the computer 
facilities had already found relatively widespread 
acceptance and use" from which we can assume that the 
delivery delay situation was satisfactory* 

Car^mon presents several diaqrams of growth. Of these 
we iiave chosen the growth of users for the CA Conden = 
sates data base (this diagram can also be found in 
(Ware, 1973, Fig. 2)*, The reason is twofoldi the 
diagram is one of the least aggregated; and the CA 
Condensates data base is comprehensive enough to be a . 
basic adeqiiate information service in one subject 
field (cliemistr^y ) . 
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i.n Ware^s (1973)' paper a saturating growth model- has 
been used to Interpret the data (see the example on 
pp. 99-102). Expariehces from other services^ especial- 
ly those offering onnline services (i*e* iSSs) ^ iiidi« 
cate that at least initially the growth is exponential 
(see fo^r eKample the statistics frofti NASIC/MIT and \ 
RIT=IDC in Figures 1 and 2 on p, 53 and 54) . To get 
an estimate of the natural growth rate UGN we there-' 
fore have to reinterpret the data. We do this by 
estimating the doubling time graphically as shown in 
Figure 6^ where the circles are the observed data 
points reported by Ware (this part of the figure is 
copied from Ware'^s graph) . 



USERS 

» 180 




£ 4 6 8 10 12 MMTHS 



is 4 
0.03 



Figure 6 

Graphical estimation of doubling time, 

estimated doubling time for the number of users 
*25 months which gives a growth constant of 
74^^ " - ^ 



+ ) 



Multiplying this with 52/12 to get weeks of equal Lenght we 
get a doubling time of 18,4 weeks. Since the doubling time 
for an exponential growth process is 0,69 times the time 
constant for the process (see e,g, Goodman, 1974, 2%) we 
find the time. constant to he 26.7 weeks, and consequently 
the growth constant 0,0374 since it its the, inversion of 
the time constant. 



In equation 8 the effect of market penetration bn 
entry rate EMPER is described* This effect depends On 
the fraction of usera to potential users, and repre- 
sents the increasing difficulty in recruiting new 
users, as more and more potential users have actually 
decided to become users. Since EMPER occurs as a 
multiplier in Equation 7 we wa'nt it to have the value 
one when the number of users is zero, i.e* there will 
be no effect from market penetratioa initially. When 
all potential users have become users, i*e, whqn U/PU 
equals one, EMPER should have the value zero since"* the 
entry rate must be zero. The table function defining 
EMPER is shown in Figure 1, 



IMPIR 
4 




The\ table defined in equation 8.1 wall together with 
the ^arametGrs for the TABLE function in equation 8 
represent Figure 7 with the following value pairsi 

EMPER '1 1.05 1.1 1.05 .80 0 

U/PU ^ 0 0.2 0.4 0.6 0.8 1 
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EMPER.K-TABLE (TEMPER. U*K/PU, 0* 1 » 0, 2) . 8^ A 

TE^ffER-^/l. 05/1. 1/1. 05/*80/0 8.1, T 

PU 2000: " A^2, O 

EMPER-^ Effect of market penetration on entry 

rate (dimensionles) 
6 - Users (users) 
PU ^ Potential market (users) 



The initial increase and subsequent decrease in the 
function in Figure 7 represents an additional effect 
due to the fact that the probability of a user to 
come in contact with a potential user# i.e, the word-- 
of--mouth effect^ at first increases with an increase 
in the number of users and then decreases The word^ 
of-mouth effect is important/ as found in the NASIC/ 
MIT project (Benenf^ld et al . , 1975, p, 1 = 4)^ *'Aware= 
noss about the service is itiost often achieved by word 
of^mouth. To an extent this effect is inherent in th 
exponential formulation of the entry rate. However ^ 
compared to the, situation at the University of Georgi 
for an ISS that starts the service without a previous 
attempt to introduce the. service the wor Id^of "moii-th 
effect couLd contribute to the normal growth rate. 
This additional effect we assume not to be more ti\an 
10%. 



When approKimateiy 2/3 of the market penetrated it 
becomes more difficult to attract users, which is 
represented by decr^se in the value of EMPER from, 
unity to zero. The implicit assumption in the shape 
of the table function is that when both the delivery 
delay situation and the amount of marketing and 
assistance provided are normal, i,e* EDDER and EMAER 
are equal to one, then growth in the number of users 
will level off when about 85% of the market is 



reached, + To achieve a higher* market penetration 
EDDER 'Or EMAER must be higher than one. 

The size of the potential user market is given in 
equation 8,2 as being 2 000, The typical ISS we model 
is part of a reasonably large academic institution^ an 
the value of PU is based on a personal communication' 
from the NAS^C/MIT> off ice (May, 1976). Wish and .Wl^h 
(1975) made a^urvey at the University of Wisconsin 
which gave an estimate of about 1 000 potential^users 
among the faculty. To this graduate students must be 
added , = ' 

"If librarians vrant to establish their lita-aries as infor- 
mation service centers, tten custaner satisfaction must be 
sought by offering and ^se of access to inforrnation 

storage as well as professional ©cpertise, pertaps for an 
added fee (Wish aM Wish, 1975, p* 3J 

■ ? 

The remaining two factors in the equation for the 
entry rate ER (equation 7) are the multipliers EDDER 
and EMAER representing the effect of delivery delay 
and the amount of marketing and apsistance provided, 
respectively. The multipliers are built around a 
normal state of the system with regard to these two 
major service characteristics. The actual state of the 
system is compared to a norm and the multiplier rep^ 
resents the effect of deviations from this norm* 
Further examples of the modeling technique of using 
normal values can be found in (Forrester, 1968, p. 23 
ff J . . 

^ ' Racall that the terininatLOn rate for users is 0*02, When 

the effective ^entry fate equals, the termination rate growth 
will level off. This will happen when EMPER ^ 0.5348, and 
the value df U/PU will be 0.8664. 
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Th^ effect of deliv^^ delay on entry rate is specie 
fid4 in equation 19 as a TABLE function, and the 
corresponding table is given in equation 19.1 



EDbER.K-TABLE (TEDDER, DDPP*K/DDN,0,3,0.5) 
TEDDER^l,6/l,477l/.47/*3/.3/.3 

•DDN^O.S . ' - , (■ 

EDDER^ Effect of delivery delay on entry' 

.rate (dim. less) * ^ 
DDPP - Delivery delay perceived by potential 

users (weeks) 
DON - Delivery delay norm (weeks) 



19.A " 
19ar T 



The dependent variable for the TABLE functipn is the 
ratio of delivery delay perceived by potential users, 
DDPP, to delivery delay norm, DON* The higher this%ratiQ 
is the worse is the service perceived* When the pe^ 
ceived delivery delays equals the norm, i,e. DDPP/DDN^ 
1, then the value of the multiplier is by definition . 
one. Should the perceived delivery delay be shorter 
than the norm then DDPP/DDN is less than one, and the 
value of the multiplyer should be greater than one. 
The actual table function used in ISS2 is shown in 
Figure 8. 




Figure 8 

The effect of delivery delay on entry rate. 

U'i 
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Equations 19 and 19.1^ive the following value pairs 
as the representation^of this table i 

EDDER 1,6 1*47 1,0 0.47 0.3 0*3 0,3 

DDPP/DDN 0.0 0,5 1.0 1-5 2,0 2.5 3.0 

Around the normal point (1*1) the curve in Figure 8 
is assuined to be linear' with a slope of about ^1. That 
is to say that the effect is proportional to the 
change^^ in DDPP/DDN , This assumption was not based on 
empirical observations since it is very difficult to 
analyse effects due to delivery delay in isolation: 
when the delivery delay increases the ISS is over- 
loaded' and has typical|ly already tr^ led -^^ck^ompen sate 
this by reducing the a|iount of marketing and assis^ 
tance. The assumption^ however # is indirectly support^ 
ed by eKperiences at the Library of Congress, SCORPIO 
service (personal communication^ March/ 1977): the 
installation of a faster processGr in the main compu^ 
ter resulted in a 23% improvemGnt in response time 
and the increase in the number of searches was between 
23% and 35%, (Unpublished statistics for the SCORPIO 
service revealed an average of 8 57 searchers foi^ the 
four months prior to the installation of the fast 
proce^ssor. The following month the number was about 
1200 with an even higher projection for the next 
mcinth* SomG of the increase had to be attributed to 
/ the return of Congress, but 200^300 searches were 
attributed to the shorter response time.) 
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The rela>4T)nship between the deliVGry delay situation • 



and i'lDDER is, however, not .linear for all values of 
DDPP/DDN. Even a relatively long c|elivery delay does 
not rcKiuce the entry rate to zero as indicated by 



RECON service at RlTL^IDC where the averago delay 
betwaen subniission of query and search was aljout 10 
davB duriricj 1973, Judqiny from the relaLively high 
Hat isf action ^Kpressed by the users in spite of the 
long delivery delay^ the effect of. this factor will 
prnbably grow slower as the dala^cfet s^shorter . These 
considerations are reflected in the kinks in the table 
function in Figure d. 

TliC value of tlio delivery delay norm DDN is given in 
equatLOn 39*2 as 0.5. In the SDC impact study (Wanger 
P^^iliu:.^ 1976, pp. 221-2) it is reported that over BQZ 
ot: all search requests were being filled within one 
week of their receipt. The average delay is 2 days 
(p. A-24) but if there i^ an appointment systoni, whiclV 
we assume £or the typical ISS in an, acadeniic setting, 
thlii time ^i/Ll havu to be lengthened somewliat (cf. 
Hjarppe, 1 -)7-j, [) . 12^) . The managers interviewod in 
tlio SDC study indicated that 8 6% of tlieir users woro 
sntisfied with thr^ turn-^around tiine. From this 
dicussion we infei^ that half a week is a reasonable 
norm tor delivery delay. 

The ri'iiuiining term in the ec[uat:ion for the entry rate 
KR (eguation 7) is EMAER, the effect of marketing and 
assiBtance on entry rate, EMAER is specified in 
equation 39 and 39,1-, and like IjlDDER it is a multi- 
plier i^epr esont ing eftecLs of deviations ftnin a notuial 
Bituation. The argument for tiie TABLK fuuctioii in 
tK{ua( ion 39 is ^he ratio of needed tt) availabh^ 



fij er ppe ( 197 5 / p "12 3 ) who g ives statistics from the 
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aHsLytanco ASTNP/ASM. ASM in thv rimmnt of ^u a t, f 
allocated to markotiny ancl aysiHtLinct^ (hcm^ payu 147), 
and ASTND is the needed assistance uxprossed in nuiiibor 
of staff, AHTMn IB calculatud in cqyatlon JB ai; thv 
prociuct of tliu numbor of UBorn iind the asMistanrQ 
nacdccl pur ut^or (exprossod in staff/usur); ANl^'KI). Thv 
valuo of ANKKD in 0^*001 Htaf! pcii" usur ((H|Udtlon 18,1) 
which i^ieanB thati aBBunilriu a 40 houi^ work wuok .and 48 
work weok^i [^ui^ yoar^ that a Li^;or roquirOH 2 houiti wl 
Htwiff timo'lia be BatisfUni. In a rolativt^ly malurif 
Htati* Icn^an. ISS with abmit HOO users and a Htafl 
abuut 3 perscMis thlH inetiiUi thai jBV, uf tA.iv aialf 
t iino iniuU Pt^ npeni on inai^kct lua iind aiuii st uinru . Plxp*.^- 
ritaicos f rc^m t>piH:a t i,nna I r5^SH afvt^ the <iidiial avt»rac|t' 
VviluoH ioi rrKfunaM'H spiMit on iiuirkt't i na uiul faint (mihm' 
aHHistvinct' a^ aiiyth inq but wupii I O'h niid 4 0^.. clarchuM^ 

0 t a 1 . ( 1 'J 7 4 , p . b) y \ \ vv « ^xaiiip 1 i v i f t *x p 1 i cm t pt s 1 i r i 
t: I > i 1 1 I o c a t t, ' .1 Hi i n i ni u m n \ 1 ' ^ ^ F t h * ■ t.^ f ) t * r a t i ; n a b) 1 1 d a t 
t:o market iiu} utdoi'tB, and at t lu^ Nat ion.a] Library of 
OvUiada an rsriniatucl 4i)V, ot st aft ot l i^rt i apiMil on 

ma r kt M i nq and a n i m t nia^ ( p( aa^o i r i I o oiiuiiu n i c^a t i on ^ ^t i y , 

1 MVS) . ^ . ^ 

i'ho ('1 t tMM t \c^\\ luarkot i na and asM i.tA an^'* v)j\ »'n! \ y rvit y 
is I 1 1 nat ra t od i n i ai\r,t^ J 

ASrNn.K U.KxANKKl) iH, A 

AN!:i;n ()a)Oi , r 

a- 

AS FNO- As^d St aniu> tu'inUnl pa ,i ^ { / Wiu'R ) 
11 Iisrrs (inuMM) 

'ANKHD- As^u^a■^ir^ lU't'iUul \u \ ^^^M ( st a { t - 
WtM'k /u?u* 1 ) 




KMAKK.K I AHI F( IKMAKH , AS TNI) . K /ASM . K , 0 , K (1 . 
rKHAhH^^ ^/ \ r^'^r ] . \/] ^ \ I] / ^H\ / . n J^? / . Sf)/ , S / 

' *n * -n (. I V I , I { !' ( il i [ii . ! s ) 
AM 1 Nii As s 1 St .liirr nrt'ilp.l u>t t / wtMM( ) 
AMM AiNsMtioii i^I st i!f (m in.irkt'tinM 
J , I s s i s t , iiu r ( rU ■ 1 1 t 
= nnN IK' i I ViM V th'ljy luM ill (vvH'i'kri) 
I'ON No l iiM 1 p I opiMi ■; 1 t V f n ipuM v 

i ijiuM i i; / wt'i'k / iisr I S ) 



rii t t y 



U5 = I , T 



MiVt* t lu^ { u 1 I uw I nq vaiui^ fkiirM: 

^'MAi;H .'.[H) USM U Ul .M . Ul 1,00 O.HI 0 » / 11 iUtl.' 0MM(> 

A^riNlV'A^^M 0.00 O..^M O.MO 1^/^ I , (U) I . S .1 , 7 ^ , IH) 

l-MAhM^ 0 . ;)0 0 . ■] S 0 , ^ M . Ui ■ 
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'^V\w t»fiuct frqm marketing and assistance on Gntry rate 
iH ainninnu^l to ha ijroator than tliat from dcjlivety 
clt^Lay, and Fhjuro 9 shows that the orit^ry rate could be 
doublcHl if there were unlimited ruso-ur^es available 
for markiHLrYg. The table also shows that an allocation 
cjf staff marKoting gives increasing returns to 
Hcalu. That the effect of markefrng is in fact drama- 
.-iiu Hi evidonct^d by the statistics from RITL-IDC (sete 
^j^^ ciLayu-ain on pagt^ 54) whore the sharp increase in the 
^njO^er^ oL ^^earcli requoGts in early 1976 came after a 
ina r^ket i{^l. campaicin (the Increase was froni about 75 
'Viiqi\vi\t i\ ptu cjuLirter to about 125), 

bquat iun^j 1.2-H> doBCL ilio the delivery delay and how 
it iii perceived by tdie different decMsion makers. The 
delivery delay indicated DIX iw defined in equation 
1.^ as the qiuMy barkUig 0 divided by t[ie answer rate 
,AR. mMnrr a rate AH cnnnuf be measured readily - rates 
■ MU only be iiiLMHUied over senu' period of t irne - which 

-ho raM^UMl ii'w intaodu^^inq the variable i ndicated 
<Udi\ujry debiy. H t hi^ anHwei' rate. were . to be nonstant 

A ptM Kxi ot tune tduMi the Lielivcn^-y delay could be 
^^^leubitcd as which caw be illustrated by the 

lollowinq rxainpU^: nupijnnt^ tluM e is a query backlog 

b^/ and that this buekloq is sustaintHl by incoming 
qiUM ie's, t liiMi il t lu* answ^M lato is HI queries }^er 
v/Wft;^tliM qrliVtMy d^qay will be half a week. 



pt.M led ei> t iiiie i^ver which I) IX i !j measured can be 
ea 1 1 (H I t In ^ a\' emq 1 nq t i me , or sniee t h i nq f i wu-^ , a nc^ the 
V\ ^'y^vww o 1 sun u> t li i nq i ii t e i iiKit i en i ut |"oduees a. deltty 
in (hi' 1 b id iuteiniat ieiu in ei dt^U' to metisut^e a flow 
p?'i w«'ek one has t wait imU' WihOs, The users" perccs|ved 
d^'Uviqv dtd.iy PPIMI is i ilebisaHl \sMsien n[ the indi = 
^Mt''d vhOn'iMy debiy PIK ss d^siM iluul in iH|ualioii 11 
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tsee p, 105 for a brief description of the SMOOTH 
function). The users" percoption times tJPT ih tha 
smoqthir^ time for, the . SNpOTH function, UPT is sqt to 
13' weeks (in eqaation 13 , I ) which is a maturing time 
for the ust^rH" Dxporlehetf, and it is assuiiie4 that it 
takes that long to iorm a definite Qpinion rcujardlng 
the trum value of the delivery deiay. 

DDPU*K-SMOmnKDtX,K,UPf) 13, A 

/ DDPU - Delivery delny perceived by UHutriJ 
(weeks) 

DtX - Delivery delay 1 ndi rat^d (weeks) 
UPT - Users^ purceptinii limn (weoks) 



•fhe potential users and tho funder do not have a iirst 
hand expc'riGnce of the service so thoir perception of; 
the'delivery delay is basGd on the uBcrs^ * The users^ 
communicate their perceptiori of the delivery deiay and 
this communication takes trniG/ ^hich- introduces 
another perception delay in the flov/ of information . 
about the delivery delay. The perception time for 
potential usern'^ is assurned to be 26 we^eks/ and for 
the funder 40 v;eeks. Equations 14 and 14.1 define the 
delivery delay perceived, by potential users DDPP as a 
26 weeks smooth of the delivery delay" perceived by. 
us^^s DDPU, Siniilarly in t3quattons 15 and 15.1 the 
dei^ivery dalay perceived by farther DDPF is formulated 
as a' 4 0 weeks smooth of DDDU* 

DIX.K*Q.K/AR,JK 12, A 

DIX -- Delivery delay indicated (weeks) 
Q - Query backlog (queries) 
AR - Ansi^er rate (querie s/week) 
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DDPP.K-SM0OTH(DDPU.K,PPT) ' U A 

DDPP - Delivery delay percoived by poCeritial ' 

user« (speks) 
DDPU - Delivery deirty pprceivcd by Dscrs (weeka) 
PPT - Potentlcil uB.ers" perception time (weeks) 

UDPF.K-SMQOTH(DDPU,K,FPT) ^ ■ 15, A 



FPT-40 



15.1, C 



VDPV - pclivery deUiy perroived by funder 
DDPU ^ Delivery delr^y perceived by userB 
FPf - Vunder^H percept ion timo (w«okH) 
LDDPM.K^SMOOTHCDlX.K.INfTT) ' 16 A 

LDDPM- Long term diillvery clDhiy perceived by 
, managenient (weekH) 
/ DiX - Del ivory delay indicated (weok?^) 
' ^ LMl?T Mnnagenienc^ s Inng torrn percopfion ' 

timt^ (wooks) 

tonagciTient doeB not have to- rely on ttje users'^ pc2rcep-- 
lion to linci out about tlio del ivory delay ^ no their 
long^tGrm rt3faognized delivery delay LDDPM Is a 26 
v/ceks exponontial aVQragp (i,n. sninoth) nf the indi- 
cated del ivory dGUiy DllX, aa defined by equations 16 
and 16.1/, The implicit assumption here is. that mana^ 
gement forms a dof initej opinioti about the delivery 
delay situation with a lag of half a'^ year which we ■ 
believe is ruallatic consldcrinq that it takes some 
time before statistics are processed and since there 
is a natural tendency in e^n academic setting to regard 
a year as consisting of two semesters. 

The effect of delivery delay on entry rdite has alrc3ady 
been discussed. In addition to tliis effect delivery 
delay a 1 so has an impcjct on the propensity to query 
PQ, i.e. it can discouracjG return use without niakinq 
%hQ user laavt} the service. Thus .at any qiven time 
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the propDnslty to quety might be dif | erent f roni the * 
mm^l propensity to query PQN . The value of PQN taken 
from an OECD study (cited in Ljungberg, 1975^ p. 77) ; 
is 1.8 querlt^B per year, or 0.035 queries per weeK as 
cjivuri in equation 17. i* Stcifced dlfferQiitly this moans 
tht^t there is normally 29 v/eoks between queries fnom 
ontJ user, 

' Vk\ - propensity t<> query (queries/veok/ 

1*QN ^ NDrmal proptMif^i ty ^ tr? quory (queriDB/ 
week/ UBCr) , 

RDDPQ- F^rfuct of de I ivfiry delay on the propen-^ 
sity CO query (dim. less)- 

i>QM-0.035 ' . . 39.3, C 

In equation 17 the proponsity to query PQ is given as 
tho product of the propen^^ity to query normal PQN and 
the effect of delivery delay on the propensity to 
query EDDPQ. The^efeect froin marketing and assistance 
on the propensity to query. Is jud/ged to be negligible 
on the eollowing grounds r rTiarkeying and assistance are 
crucial for attracting users to the serv^lce and the 
iiTiportant aspect is to increase the users knowledge 
about the functions of the' system (Persson and 
Hoylund, 1975, p, 63); a change in PQ reflects the 
response ot .users alreaay h&.ving knowledge about the 
By^teni and about what to expect. EDDPQ is a multiplier 
roproscntiny effects of deviation^ from a norinal 
delivery dcLay situation ^hen the delivery delay per-^ 
cei\/ed by users DDPU is equal to the delivery delay 
nrrin (or v/hon DDPU/DDW^i) . When the normal Situation 
pruvails the value of EDDPQ is one and the propensity 
to query is equal to the normal propensity to query 
(SCO oquation 17). EDDPQ is defined by a TABLE fund- 
t iun in equation 18, and iiy the TABLE in equation 18 . 1 . 
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EDDPQ,K^tAJLE(TEDDPQ,DDPU.K/DDN,0/3,0.5) ' IS; A 
TEDDPQ-l,5/1.25/l/.8/.65/.57/.5 IS.li T 

EDDPQ-- Effect of delivery delay^on the 
propensity to qutry (ditn. less) 

DDPU ^ Delivery delay perceived by uaers 
(weeks') 

DDN ^ Delivery delay norm (wtealcs) 

The function defining EDDPQ is illustrated in Figure 
10.. • 




^ bbfu/ddm 



Figure 10 

The effect of delivery delay on the 
propensity to query. 

The relative flatness of the curve describing EDDPQ ii 
explained by the fact that EDDPQ is an additional 
effect on the prppensity to query which is primarily 
a characteristic of the user population* 

Equation 18 and 18.1 give the following value pairs: 



EDDPQ 



1,5 1,25 1.0. 0. 8 0,65 0, 57 0 .5 



DDPU/DDN 0,0 0,5 1.0 1. 5 2 .0 2 . 5 3 ,0 



The effect of' delivery delay on the propensity to 
query has received little attention in the literature 
but there are some experiences from operational ISSs 
that can aid the construction of the table. Since 
EDDPQ is a multiplier with a norm we know by defiril- 
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tion the point (1,1)* If the propensity to query were 
coastant the table function would bm horizontal. This 
1b not the case which Is shown by thm changei in t^ie 
percentage of return users. If the propensity to que^y 
Increases the number of users that will return to the 
ISS during a year increases too. At the NASIC/MIT 
servlca the percentage retiirn users was about 30 at 
the end of the initial phase (Benenf eld et al^ > 1975, 
p. 1--2) and in 1976 it was estimated to be 35% and 
growing (personal communica t ion, August i 1976). ' . 

Another indicatioi> that ^Q is not constant Is ' that the 
nuinlDer of users and the number of seaarches grow at 
diffetent ratasi the latest annual report from NASIC/ 
MIT (Pensyl^ 1917, pp, 5^6) gives a growth in searches 
of 46% and in users of 33%* 

Infer that the usets respond to better service by 
returning. mora of tan to the ISS , Tn terms of the table 
function in Figure 10 this means that. the function 
will be ^monotonously decreasing. Since we do not have, 
any further information about the shapa of the func-^ 
tion we make the sitnple assumption of linearity with 
the exception that BDDPQ will not go down to zero. We 
assume that the effect of delivery delay on the 
propensity to query is between +50% and -30%, 

A decline in the propensity to query as a response to 
a decline in the service component delivery delay 
represents one aspect of the voice option on the part 
of the users^ which was discussed on p* 26. The most 
obvious way to exercise the voitan l^pt ion is to com- 
plain to the funder of the service this aspect is 
discussed further on p* 136 - but one can also with- 
hold ones queries without leaving the service, thus 



remaining a user and require staff time for coinplaints 
In the model this ii part of assistance needed "j||TND 
(see p, 123) . This consequence of. the voice optiftn' is 
also aiscussed by Hlrshinan (1970^ p* 131) i "votel can 
inflict direct costs on management as complaining 
customers occupy the tli^e of the fim^s persolnnel and 
succeed in having defictive merchandise 'fixed up" or 
exchanged" . 

Equation 9-11 describe the number of staff and how it 
changes* Equation 9, Is the level equation ^and states 
that the nuitoer of staff S is Increased by. the hiring 
rate HR and decreased by the leave rate LR. Equation 
3,1 is the initial value equation where the initial 
value of S is set equal to SN.. 

The leave rate LR^ defined in equation 10, is formula-- 
tad as the nuinbar of staff divided by the average time 
they stay on the job TOJ. Experiences from NASIC/MIT 
and rItl-IDC Indicate that turn-over^of staff Is low^ 
In equation 10.1 TOJ Is set equal to 200 weeks. 

S,K=S,J+(DT)k(HR.JK-LR. JK) 9, L 

S-SN / 9.1, N 

S = Staff (fetaff) 
HR Hiring rate (staff /week) 

LR = Leave tkte (staff/week) 

SN - Initial no. of staff 

LR*KL*S.K/TOJ 10, R 

_ T0J^20O ^ . 10.1, C 

LR -.Leave rate (staff/week) 11, R 

S - Staff (staff) 

TOJ - Time on job (weeks) 

HR.KL^A^H*K/PM . 11, R 

' ■ iia, C 

HR - Hiring rate (staff/week) 
AH ' - Approved hires (staff) 
?im = Hiring time (weeks). 
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The hiring rate HR is described in aquation 11 as. the 
^number of approved hiras AH divided by a hiring time 
PTME* The hiring /time repraseftts the delay necessary 
for the hiring decision to be ef f ectuated * It includes 
such componehts as tiipe to advert'ize^ select Candida^ 
tes/ and allow-for their notice time* PTME also in- 
cludes delays Inherent in the budgeting process* In 
equation 11.1 the hiring time is given as 26 weeks, or 
half a year; which is assumed to cover the delays 
discussed; , ' ^ » 

The hiring decision, is influenced by both economic 
concerns and the performance of the ISS in terms o£ 
delivery delay* The decision" i^ described in equations 
20-27. ^ V ' ' 

The approved hires AH specif led in equation 20 are a 
function of the^desired hires DH and the funder^s^ 
willingness to^ support the service as well as an eco^ 
nomig constraint, TO .model the expa^nsion decision, . 
i.,e. the determinants of AH^ on empirical data cannot 
be done without a considerable data colliection effort. 
Even^ if such an endeavor was started the nature of 
the decision ^making process is fuzzy and involves • 
factors that ard very difficult, to measure* In this , 
study we have taken another apprdachi from sources in 
the literature we extract general trends and attitudes 
and then formulate the components of the eKpansion 
decision in accordance. The factors affecting the 
decision should then be regar^ed^as examples of 
policies , The consequence for the study is that the 
conclusions that can be made are not absolute but 
contingent on these hypothetical policies (as pointed 
out on p . 85) 



AH.K^(DH,KHEDDSF.K)=-EECHR,KxS.k ^ ^ * 20, A 

AH — Approved hires (staff) 
DH - Desired hires (staff " 
, EDD^" Effect of delivery ^delax on the.. 

J support ' from funder (dim, less) 

) EECHR- Effective econoniic constraint on 
hiring (dim, legs) 
S - Staff (at^ff) 

DH . ( ALR . KkPM ) +DXS . KxS * K 

' DH - Dasired hires (staff) 

ALR ^ Average leave rate (staff/week) 
PThffi - Hiring time (weeks) 
DXS Desired ekpansion of st*iff (dim, 
less) 

, S -.Staff (staff) ^ r ' 

ALr] SMOOTH (LR . JK , LMPT) 

ALR -" Average leave rate (staff /week) 
LR, - Lpave rate (Rtnff /week) 
LMPT ^ Management's lung term percep- 
tion time (weeks) ' 

The first factor in equation 20. determinihg the, 
approved hires is desired hires DH, This is what the 
ISS management considers needed to give a satisfaa^ 
tory service^ and it corresponds to a requeBt for 
funding. - - \ 

The desired hires DH is formulated in equation 21 as 
the ^um of a compensatiQn for staff, that has left and 
a desired Increase in staff which depends On the 
delivery delay situation perceived by management. 
Management knows the^ average leave rate ALR, and it 
also knows how long it will take to fill positions i 
the hiring time* PTME. Therefore it is necessary^ to 
multiply the average leave rate with the hiring time 
to compensate for leaving staff . ALRxPTME then/rep=- 
resents management's estimate of the number of staff 
leaving* The des^xgd expansion of staff DXS wh\ch is 



21, A 



22, A 



eKplalned below ia given as a pprcantage so^DXSxS 
gives the actual number of staff desired • The hiring 
time PTME was defirted In equatlort 11.1 as .26 wpaks. 

■ =■ ■ , ' ' '\ ' ' 

The average leave rate ALR is defined in equation 22 
as a smooth of the actual leave rate LR. The smoothing 
time is equal to the .management^ a long term perception 
time LMPT which was given in equation 16,1 as 26 
weeks , ^ 



In equatiori 23 the desired expansion of staff DXS is 
defined* DXS is a table function the value of which 
depends on the delivery delay situation perceived by 
management, formulated as the ratio between the long 
term delivery delay perceived by management LDDPM and 
the long term delivery delay norm held by management 
LDDNM* The table function defining DXS is given in 
Figure 11, 



Pigure 11 
Desired eKpanslon of staff 



The formulation of the desired expansion of staff DXS 
is fairly conservative as can be seen in Figure 11. 
When the perceived delivery delay is twice as long as 



the nprmy which is an indication of, insufficient 
nun^er of staffs the inqrease r^uested by management 
is assumed to be 35%. It is .^also assumed that manage^ 
ment naver requests more than an increase of 501* Wien 
the delivery delay perceived by management is shorter 
than the norm^ i.e. when LDDPM/LDDNM is less than one, 
it is assumed that the ISS management makes "responsibl 
requests for funding and accepts a decrease In the 
number of staff, ' 

DXS , RATABLE ( TDXS , LDDPM . K/LDDNM . 0 * 3 , 0 . 5 ) 
^LDDNM^O .5 ' ' 

.TDXS--.2/-.15/0A2/.35/,45/^5 

DXS - Desired expansion of staff 

(dim, less) . 
LDDPH-- Long term delivery delay perceived 

.by management (weeks) 
LDDNM- Long term delivery delay norm held 

by management (weeks )^ 

The conservatism I'll the decision - regarding DXS is also 
manifested by the choice bf the long term delivery 
delay norm held by management LDDNM which is set to 
half a week the same as the delivery delay norm held^ 
by the market DDN, LDDNM is specified ih equation 23,1* 

In equation 23 and 23.2 the desired expansion gf staff 
is defined, Tbgether these two^ equations give the 
following value pairs i ' 

DXS -^20% -15% 0 20% 351 ^5% 50% 

LDDPM/LDDNM 0.00 0,50 1.00 1.50 2.00 2,50 3.00 

Returning to equation 20 where ^ the approved hires is, 
defined we see that the desited hires will not auto-f 
matically become approved the f under ''s willingness 
to support the service^ represented as the effect from 



23, A 

23.1, C 

23.2, T 



delivery delay on the support from f under, EDDSP, will 
also have an influence. We have pointed out that an 
ISS has fairly established procedures for evaluatii^e 
feedback, (see page 26) which constitute h vehible ^fpr 
the users to practice the "voice" option' as a response 
^ to declining quality of the service. If a bad delivery' 
delay situation fs sustained for a long period of 
time, i.e, if a long time average of the delivery^ / ' 
delay is longer than the norm, usprs will be dissatls^/ 
fied and the f under will consider using his resources 
on other functions than the ISS. The delivery delay 
perceived by fundar, DDPP, is a long term fperage of th 
delivery delay perceived by users - recall from - 
equation 15 that the f under perception time is. 4 0 
weeks. Since the use:^s perception time is 13 weeks 
(equation 13), this means that the funder reacts to 
approi^imately the average value for the preceding 
year. _ 

Thfe effect of ^delivery 'delay on the support *^^pbm fun:^ 
der, EDDSF, is illustr^ed in Figure 12. 




The effect from daliyery delay on the aupport 
from funder, I 



When the long terjn delivery delay is iqual to tfie'norm 
or better, i,e, when DDPF/DDN is less than or equal to 
one, the funder is supportiye and adcepts the desired 
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hires requested by managemant. In Figure 12 this is 
represented by making the value of EDDSF equal to one 
for this case. When DDPF/pDN Is greater thAn one the 
funder will show his sc^ptieiam by reducing the re# 
quests for .;f unding . It ik assumed that thla reduction 
is linearly dependent orii th^ delivery delay situation 
but that there is a lower bound for EDDSF* 

EDDSl^K^'ABHI4TRDDSFy)I)PF.K/DL)N, I ,|,U.[>) 2/t , A 

TEDDSF- 1 / . 75/ . 50/ . W^^. 3 5 f - 24 . 1 , 

EDDSF-^ Effect of del Iv^ry dcl^y un 

the Buppori f rnm fundt* r (d i m . lt*ss) 
DnpK - Delivc^ry clcjny, |H*rroi vnd by liindor 
' ^ (weekH) 

DDN - Delivery delay nnrm (wLM'ks) 

: KKCHR. K^1*:CHR'.KXKEC,K ^ ^ A 

KKniiR- Effective piMiTKiniie cnnHirnint 

on l|Lring (dinu Lghb) . 
KCHIt KcScyiinmir conBtratnt on hirinjv 

KKd - iCn^(i^c;ament: of iMnnomit' cnnHDrnint 

The TABHL functipn in equation 24 together with the , 
tablG In equntj-on 24,1 proclucfe thn followlnq valuo 
pairs! . 

EDDSF 1,00 0,75 0.50 0.40 0.35 ' ^ ^ 

DDPF/DDN 1,00 1,50 2.00 2,50 3.00 
I. 

For: values of DDPF/DDN less than one and greater hlian 
three the first and last values of EDDSF apply (seo p* 
105) , , 

The last detennlnant gf approved hires AH in equation 
20 is the effect of the econoinlc constraint on hiring. 
Prom the beginning it has bean common to charge the 
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users of ISSs for the service,, and a recent discussion 
about developmQnts in the field of aclentlflc and ^ 
teehnical information diasGminaition indicates that 
eddnomlc consideratione are bocoming ihcraasingly 
Important (Schwnr^, 1976, p. 9 Cf.)* DO; Cl^nnaro (197^) 
provides a ^disoiiHSlon of the developments thnt hnve 
Iqd to this Situation. Hogarding user feea Cor/; 
computer-based bibilioqraphlc Boarch SGrvlceB \'*moBt 
Hbraries have ^oiind it nocesBary to rocpvor cit laast 
some costs in this manner^' (Gardner gt jii^ , p. 4). 

the cftcntlvn oconomic cons tralnt on hirinq in dGFined 
in f>quatlon 25 as the product of two torms: I ho . %: 

economic conBtraint on hij^ing^ ECHR^ ^ ontj the onfoircomont 
of the economic conBtrairi^t, EKC, The latter factor is 
eKplaincd furthor below aftd in etiuation 27; it t^grc- 
fients the el feet that the funder is willing tQ .rafrain ^ 
from enforcing the economic constraint, oypea^aliy 
(luring the ntart^up period of the sprylcG. ^ 

KCJHK^K-TARHLCTKCnH.RKVC^I^RKVr)^ , i .5.0.1) 26, A / 

TKi:HR-U/.08/.15/.;M)/,?^W^/'^) - ^^-^ f 

KKVCI.-H ; ^ ^ ^ ^ 26. 2, C 

KCIIR ^ Kconnniir rr^iist rai nt: oh hirin^^ 

RlvVGt^ Revenue goal (qCTFri.es/wuek/sran ) 
r!::VIX-^ Hovcniiuv ^i:uJt»K (dim. loss) 

The economic.^ constraint on hiring ^ BCHH^ in a functiq^ 
oi the ratio between the revenue goal REVGL and the- 
re venue index REVfX^ and is defined by the TADHL 
function in equation 26 and the table in equation 
26,1. If the revenue inde^x is greater than the 
revenue goal, i,o. REVGL/REV^TX is less than ono, then 
there is no nconomic constraint on ^hiring aiid.ECHR is = 
zero* / ' \ 



If the revenufe goal is, higher than' what; Is aotu^lly , 
achieved then economic concerriB on part the funder 
will rc?sul t in cut^backs in th© number of appro ved ' 
hires and eventually inv^th© >riuinber of staff. It is 
assumed th^t the fundar does not make a sudden deci- 
sion to discontinue the service totally but that there 
■is. a maximum cut-back of ,25% of the^ staff , and that 
he: will approach this limit gradually as shown in . 
.;Flt}Ure 13, , ' ^ ' ' . ' 



A 




Figure .13 " ^ 
' Tlie Gconomic" constraint oh hiring , 

The value pA^lrs generated by equations 2^ and 26,1 

are i ■ ■ . v"'; ■ ^ ■ ^ '( ^ - 

/' ^ ' . , . ■ 

ECHR . .00 *08^ .15 ,2;0 ^23 ,25; 

REVGL/REVIX .1,0 1,1 1,2 1 , 3^ 4 ^1 J 5^ 

As we have said above the ISS is ekpec^d^o recover 
some of its costs* We have chosen to express this 
revenue goal as an expected 'number of queries per 
week per staff. The revenue goa:l REVGi is spt to 8 
queries per week per staff (equatipn 26,2) , Revenue 
goaLs are mostly not ekpressed thii^s explicity but the ; 
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economic performance of an ISS Is typJLcally judged oii 
a more aggregate level, e.g. on the oasis of annual 
reports. The reallsin of the chosen revenue goal can 
be inferred from the actual situation at NASIC/M3T 
(Pensyl, 1977) i for the period June 1976 to Mmy 1911 
the average number of search requests pex week and 
staff was 7.95,^ This resulted in an iacome practl" 
cally eq.ual to the computation and operating expenses 
^ not explicitly stated as a goal^ but a situation that 
is becoming^ a norm for ISSsi 

ooamon ^ttern is tiiat the librae ^sorbs tlie irdirect 
costs such as Uie cost of the terminal and staff operators" 
tlJTe^ but asks the user to pay tiie diiBCt costs including 
coniputer time^ printing, and coimjnlcatiori diarges.'* (Dm 
Germaro, 1975). 

The second factor affecting the effectiye economic 
constraint on hiring, EECHR^ in equation 25 is the en- 
forcement of the economic constraint EEC, For a 
reasonable start-up period it is assumed that the 
funder is willing to accept that the number of queries 
per week and staff will not be equal to his goal* he 
guarantees a budget for the XSS Dperatlons, In the 
simulation model this is represented as a dlacrr'tin- 
nary fund which is depleted by a certain amount 
weekly^ this amount being what the funder Lhiiiks 
"should'* be recovered, unless the volunie of businGsa 
Is at the revenue goal, in which case the fund v^^ill bo 
left intact. It is .ilso possible that the fund will bi_r^ 

^The figure given In tJie report is 3.65 soarclicB per day and 
"searcher" . In tills case searches nro coiinted once for each 
data base accessed and the nunlxir of sucli accefjsea is about 
2*3 imr user^ tlius the noiter of queries p^r week (%^ilJi our 
doflnitioJiB) is* (3. 65/2. 3) ^7 ,93. 
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bjillt up after a decline ^by achieving a xrolume of 
business that is higher fchari the revenue goal. The 
enforcenient of the ecohomi c^^cons train t EEC is a func- 
tion of what is left in yre discretionary fund DF 
relative to the Initial amount NSUF* The ratio DF/NSUF 
is then taken as a measure of the econpmic viability 
of the ISS operation, The relationship batveen this 
measure and EEC is givan in Figure -14, 
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Figure 14 

The enforcement oi: the econoinic 
oonstrciiiit . 

mon the ratio DF/NSUF is one ^greater then EEC is 
zero; in this oase the ISS operation briiicys in the 
eKpected aiiiount of nioiiGy and the ^coiiomic constraint 
on hirincT is not on forced. As the ratio becomes less, 
which means that the discretionary fund is being de- 
pleted the fiinder becoiues increasinglY uunuhvwnd ^ in 
riguro 14 this Is represenbed by an increasing (nega- 
tive) slope for the function. It the discretionary 
fund is used up the economic constraint wll] bo on- 
forcod fully, i,o, EEC will have the value one. 
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The enforcemartt of thm aconornic coristraint EEC is da- 
fined In equation 27 a TABHL function. 

FEC.K^mBHL(TEEC,DF.K/NSUF.O. 1,0*25) 27, A 

TEEC^l/.45/.2D/.()7/0 ^7,U ^ 

■ 1 . 

KEC Enforceiiient of economic constraint 

(diin, less) 
DF. ^ Di seret ioiieiry funds (doHaF-^) 

^ Tnitial st^irt^up fund (dollars) 

i = . ■ . 

Together with the table in equation 27,1 the TA.BHL 
function renders the follov/irig value pairs^ 

EEC 1.00 0.45 0.20 0.07 0.00 

DP/^JSUP O.OQ 0 .25 0. 50 0.75 1.00 

To keep the model stmpLe we have chosen not to incLude 
equations describing the cost accounting. Cost data, 
are geitie rally difficult to obtaiii. One reason is that 
some times the ISS together with th6 hosting library is 
embedded within a larger o^-ganllzatlonal frameworK 
(see p. 17 and Zais, 1977, p. 33), another is that the 
charging schenie froin the servi(^ suppliers can be very 
comple>i. 

We need, however, some meoaure of the economic viability 
of the ISS, and as mentioned above we have made a formu- 
Icitlon with a discretionary fund DF . Equation 28 is the 
levn i equation defining the discrstionary tund. It is 
incrf^asod by the income DINi by which we mean income 
in excoBK of the charges passed on to the user. The 
fund is depicted by the reduction in discretionary 
funds DOT, which represents vihat the funder thinKs 
"slioiild" be flowlnct in to meet operating expen-sos. 
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DF.K-DF. J+(DT)x(DIN,JK-^DUT.JK) 28 1 L 

DF-NSUF ' ^ 28.1, N 

NSUF- 15000 28*2, C 

DF - Discretionary funds (doriars) 

DIN - Income (dollars/week) 

DLJT ^ ^ Reduction in discretionary funds 

(dollars/week) 
NSUF - Initial start-up fund (dollars) 

DIN,KL^AR.JKKRECF ' 29 , R 

RECF^IO 29,1, C 

. DIN - Income (dol lars/\>?eek) % 
AR - Answer rate (queries/week) , 
RECF ^ Recovery factor (dollari/query) 

DUT. KL^S. KxRETCLxRECF ' 30 , R 

DUT Reduction in discretionary funds 

(dollars / we ek ) 
S - Staff rstaff) 

REVGL" Revenue goal (querieB/week/s taf f ) 
RECF - Recg^very factor (dollars/query) 



Equation 28*1 Is an initial \ iiue equation which aay^s 
that the initial discretionary i and is equal to the 
constant NSUF which in equation 28.2 is given as 
$15 000, The SDC study (Wanger et al , , 1976, p. 153) 
gives as a typical case that the initlal^ allocation 
for the ISS budget was sufficient for the first year 
of the on-line Dperationi and that the cost estiinates 
had been close to the actual outcome , Here we assuine 
an estimated cost per quG.ry of $ 10 Csee below) and 
with a revenue goal of 8 queries/week/staff and a 
staff of three the initial allocation NSUF will cover 
about a year and a quarter. This is the time is ^puld 
take before the f under would consider the ISS^ 
totally '^bankrupt" if no money at all Wc^s recovered. 
Mowever^ his economic concern would be aroused 
earlier anjfl he would start to enforce the ecanomic 
cons t ra i n t ■ on h i r i nq , 
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Equation 29 is the rate equation describing the in- 
corne to the discretloiiary fundi DIN, as the product of 
the answar rate AR and the recovery f actor RECF, 
v/hich Is like a surcharge the users pay In addition 
to computation costs, RECP Is given in equation 29,1 
as $ 10 per query (see below for discussion)* T :it 
means that the'lSS will have to charge the users 
about $ 30-$ 40 per query ^ the average cost per query 
at NASIC/MlT is about $ 3 5^(2,3 NASIC searches times 
the average total cost of $ 15,75 per search (Pensyl, 
1977), the SDC study (Wanger et al . , 1976, p. 
gives an average cost per search of $ 23,83 (median 
$ 17,16) but does not reveal how many such searches 
are made for one query ^ 

Equation 3D is the rate equation describing the reduc-^ 
tlon in discretionary funds, DUT^ and repreBents the 
expected cost"* which occurs in addition to what the 
user pays for oomputing costs, at a volume of buBlness 
equal to revenue goal REVGL, Th& total reduction will 
then be (S (staff ) xREVGL (queries/week/staf £) xREC 
query)), with the dimension ($/week) , 

In practice the funders estimated ' cost is often not 
explicitly stated as we have done here, so the sur-- 
charge will have to be estimated by management^ Here 
w,e have assumed that the same estimate, RECF, is used 
by both.^ At the NASIC/MIT . service the income less 
coniputlng expenses, i.e, the recovery facjtor, is 
$ 5.44 per query (2.3 WASIC .searches times $ 2,80 
(Pensyl, 1977)), and tha operating ©Kpenses, calcu- 
lated analogously, are $ 7,19 per query. Operating 
eKpansea include such things as materials, postage, 
telephone, but there Is no standard way of defining 
these costs I here we have for simplicity assumed $ 10 



per query. The equatloins relating to the economics of 
the ISB shduld be regarded as a simplified represen-- 
tation of the budgeting process. 



The resource allodatiori decision is described in 
equations 31-^37. It is the nature of a service" like 
an ISS to ha\re a reactlxre resource allocation^ policyi 
manageinent tries to spend some resourceB on marketing 
but y^hen queries come in they "have to be answered. 
Since It is common to have the users mak# appoint^ 
ments with the staff in advance^ and since inarketing 
activities involve other cominltments ^ , e , g , rental of 
apace for demonstrations, changes in the allocation 
car^i^ot be, effective inimedlately , The allocation change 
time ACT is^ however, assumed to be relatively shorti 
equation 31.1 gives the value two weeks* 

In equation 31 the allocation of staff to production, 
ASP, is defined as a SMOOTH (see page 105) of the de= 
cided allocation of staff to production, A smoothing 
time of two weeks means that this is the tirne over 
which the change will take place. 



ASP,K^SM0OTH(DAP,K,ACT) W 31, A 

ACr^2 31.1, C 



ASP ^ Allocation of staff to productiori 
(staff) 

DAP - Decided allocation of staff to 

production (staff) 
ACT = AHocation change time (weeks) 
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r)AP,K^WIN(IAP.K,ISP,K) 32, A 

DAP - Decided allocation of staff to 

product ion (staff) 
LAP - IndicaCed balanced allocation of 

staff to production (staff) 
iSP ^ Staff needed for production to 

keep delivery delay norTii (staff) 



ISP.K==Q.K/(SPQRxDDNM) ' '33, A 

DDNM*0.5 ' 33.1, C 

ISP - staff nedded for production to 

keep delivery delay norm (staff) 
Q . - Query backlog (queries) 
SPQR - Staff productivity (queries/week/ 

. \ staff) . . ' 

DDNM Delivery delay norm held by manage-= 
raent (weeks) - , : 



Equation 32 defines the desired allocation of staff to 
production^ DAP, as the minimum of two variables! the 
indicated balanced allocation of staff to production, 
lAP^ and the staff needed for production to keep the 
delivery delay norm, ISP* 

DAP is the actual decision about how much staff should' 
be allocated to production. The ISS management alio* 
cat^s enough staff to keep the delivery delay at the 
norm, until there is a conflict from the pressure to 
allocate resources to marketing and aasistance ^ it 
is not possible to allocate 100% pf the staff to 
searching since some assistance will have to be pro-^ 
vided. ' ^ 

In practice it can happen that it is not possible to 
allocate the necessary resources to prodirfctlon 
immediately^ Hjerppe (1975, pp. 125-126) reportsi 



unprocessed queries piled up quite rapidly, especially 
if the system had a serious break-^fwn. The situation this 
fall I 1974^ has teen that we have for at least two months 
had a gi^ue of 10^20 queries waiting, and this ba^log is 
very hard to eliminate as long as ttiB queries keep coming 
■^ at a r^ular pace, which is what we in other circunetances 
would w^t mm to do." 



In equation 33 the number of staff needed to keep the 
delivery delay norin, ISP, is calculatGd , ISP depends 
how big the query backlog Q is. By dividing Q by the 
staff productivity (queries/staff /week) multiplied 
with the delivery delay norm (weeks) we get the 
needed nuniber of staff. ^ 

The delivery delay norm held by management DDNM is 
assumed ,to be the same as the norm^ held by the 
market, half a week (see p. 122) . 

rSM.K^U.KxANEEDxNDBIAS 34 , A 

NDBlAS^l - 34 a, 

ISM ^ Staff needed for marketing (staff) ^ 
U - Users (users) 

ANEED^ Assistance needed per user (staff/ 

week/user) 
NDBIAS^ Bias in recognizing need for 

marketing and assistance (dim. 
less ) 

The pressure to allocate staff to assistance and mar- 
keting is recognized in equation 34 which defines the 
staff needed for marketing, ISM* ISM is defined as the 
number of users U times the need for asstistance ANEED 
in terms of staff per user. There is also bias 
factor NDBIAS which represents the ability of the ISS 
management to recognize, the need for assistance pro'= 
perly. For the standnrd run it is assumed t+iat mana^ 
gement makes a corredt assessment so NDBIAS is equal 
to one in equation 34.1, 

It might not b^ possible to meet the different needs 
for stpffi the staff needed to keep the delivery delay 
norm, ISP (equation 33) and the staff needed for marke- 
ting, ISM (equation 34) might add up to more than the 
total staff. One way of resolving this conflict is to 




1^8 ■ : ' 

make a balanced allocatibn so that the allocation to 
each of the two f unqtiona Is made according to thp ^ 
relative size of the need for that fuAction, i.e. if 
the total need (ISP + ISM) is and ISP itself is 
then x/y of the staff would be allocated to produc-- 
tlon. This formulation J.S given in equation 35* 

: IFP,K^ISP,K/(ISP.K+ISM.K) ' 35, A 

IFF - Indicated balanced fractional 
allocation of staff to produC'- 
^ tioxY (fraction) 
ISP ^ Staff needed for production to /"^ 

keep del ivery del -jv norm ( staff) 
ISM - Staff needed for rketlng (staff) 

IAP.K^IFP.KkS.K 36, a 

» ■ lAP ^ Indicated balanced allocation of 

staff to production (staff) 
IFP Indicated balanced fractional 

alloca^tion of staff to production 
(fraction) 
S - Staff (staff) ^ 

The balanced allocation formula reflects the real life 
situation that although managers try to keep a fast 
service they are aware of the necessity of assistance 
and marketing; one of the conclust^ns from the first 
phase of the NASIC/^^teT service, for example, was that 
"promotional efforts need to be very intense" (Benen- 
feld et al, , 1975, p, 1-2). 

In equation 36 the indicated balanced fractional alio-- 
cation of staff to production ^ IFP, is used to calculate 
the indicated balanced allocation of staff to produc- 
tion, ' I AP,^_ expressed in absolute numbers, by muitipll- 
cation with the total nuinber of staff available S* lAP 
is then one of the ' ft^'ctors considered when the alloca- 
tion decision is made in equation 32 (see p, 145) , 
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■The staff resources not allodated to production are 
available for marketing and assistance activities^ as 
described in equation 37. This equation simply/ states, 
that the allocatibn of staff to marketing and assistance 
ASM, is equal to the total staff S less what has been 
allocated to production, ASP* 

ASM,K-S.K-ASP.K 37, A 

ASM - Allocation of staff to marketing 

and assistance (staff) 
S - Staff (staff) \^ 
ASP - Allocation of staff to production 
. - (staff) 

f 

Equations 40-47 define performance and operational 
measures which can help in assessing the "results" of 
different simulation runs . They will not be described 
further^ but they are lis1:ed in the next section, 

The performance measure used to assess the revenue 
situation of the ISS^ which affects the economic 
constraint on hiring (in equatidn 26); is* the revenue 
index REVIX described in equation 48. It Is the ratio 
of the average query rate AVQR^ defined in equation 
49^ and the average number of staff, defined in 
equation 50. The smoothing time STRA for the compo- 
nents of REVIX is assumed to be equal to the other 
administrati^>'e delays, hiring time PTME in equation 11,1 
and LMPT in equation 16,1/ i,e, 26 weeks as specified 
in equation 50,1. 

REVIX, K^AVQR.K/AVS.K , 48, A 

REvtx-' Revenue index (diiiu less) 

AVQR - Average query rate (que in es /week) 

AVS - Average staff (staff) 
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AVQR.K^SMOOTH(QR,JK,STRA) 49, A 

AVQR - Average query rata (queries/wtek) , 
QR - Query rate (queriea/week) 
STM - Smoothing tima for revenue 
asspssnient (weeks) 

AVS , K^SMOOTH (S , K , STRA) 
STRA^26 

AVS Average staff (staff) 
S - Staff (staff) 
STRA Smoothing time for revenue 
assesinient (weeks) 

This conipleteB the desarlption of the model equations. 
To run the model initial values for Q, and U and 
control "cards" are needed^ these are also given in 
the following section. 



50, A 
50.1, C 



11 1 . MODEL LISTINGS 

9 

DOCUMENTOR listincJ 




Q.K=Q,J+.(DW* (QR. JK-m.JK) , - i t ; " 

Q=QN '* , •1.1, i 

Q - QUERY BACKLOG (QUERIES) 

QR - QUERY RATE (QUERIES/WEEK) ■ 

AR - ANSWER RATE (QUERI BS/WEEK ) ■ ' • 

QN - INITIAB' NO OP QUERIES ■ 

— » • ,. 

qr.k'l=u.k*pq.k , 2, R 

QR - QUERY RATE (QUERIES/WEEK) 

U - USERS (USERS) 

, PQ - PBOPENSITY TO QUERY (QUERIES/WEEK/USER) 

AR.KL=ASP.K*SPQR*EQAAR.K 3, R 

AR - ANSWER RATE (QUERIES/WEEK) 

ASP - ALLOCATION OF STAPP TO PRODUCTION (STAPP) 
SPQR - STAFF PRODUCTIVITY (QUERIES/WEEK/STAPF) 
EQAAR - EPPECT OF QUERY AVAILABTLITY ON ANSWER RATE 
(DIM, LESS) ' ^ . ■ ^ 

EQAAR. K=TABHL(TEQAAR,Q.K, 0,0. 02, 0,005) 4, A 

TEQAAR=0/.l/. 5/.9/.1 4.1^ T 

SPQR=10 4.2, C 

EQAAR - EFFECT OP QUERY AVAILABILITY ON ANSWER RATE ^ 

(DIM,. LESS) 
Q - QUER^ BACKLOG {QUERIES)' :" 

SPQR J - STAPE^ P.RODUCTIVITY (QUEi^IES/WEEK/STAPP) 

U.K=U. J+ (DT) * (ER. JK-TR. JK) 5, L 



5.1, N' 



U=UN 

U . - USERS (USERS) 

ER - ENTRY RATE (USERS/WEEK) 

TR ; - TERMINATION RATE (USERS/WEEK) 

UN^' - INITIAL NO. OF USERS 

TR.KL=U.K*TRN ' 5^ r 



TRN=0.02 

TR - TERMINATION RATE (USERS/WEEK) 

U - USEftS (USERS) 

TRN - TERMINATION RATE NORMAL ( FRACTION/WEEK ) 



6.1, C 



ER,KL-(U.K) (UGN) (EHAER.K) (EdDER.K) (EMPEH.;K) 7, R 

UGN = 0. 0 374 , ■< 7 _ 1 ^ ^, 

ER - ENTRY RATE , (USE RS/WBEK) ■ 

U ~ USERS (USERS). 

□GN - USER GROWTH RATE NaRMAL- (FRACTION/WEEK) ' 
EMAEJR ~ EFFECT OP MARKETING AND ASS TSTANqE ON ENTRY 

RATf;I- (DIM . I.EHS) 
EDDEH - EFFECT OF DELIVERY DELAY ON EN'l'RY RATH 

(DIM, LESS) 

EMPER - EFPEC'J' OP MARKET PENISTRATION ON EN'l'RY RATE 
'(DIM. LESS) 
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•f, 

EMPER.K-=TABLE{TEMPER,U.K/PU,0, 1,0.2) 8, A 

TEMPER«1/1. 05/1. 1/1. 05/. 80/0 8.1, T 

PU='2OO0 . B.2, C 

Ef'lP.EH - EFFECT OF MARKET PENETRATION ON ENTRY RATE 

(DIM. LESS) ■ 
U - USERS (USERS) 
■PU POTENTIAL MARKET (USERS) 



S .K=,S. J+ (DT) * (flR. JK-LR; JK) 9„ L 

S=SN'' • ' ■ ,• • ; ^.l, N 

S - STAFF (STAFF) 

HR - HIRING RATE (STAFF/WEEK) 

LR - LEAVE RATE (STAFF/WEEK) 

SN - INITIAL NO. OF STAFF 



LR. KL=S .K/TOJ ^ -10, R 

TOJ=2 00 ''\ / . 10.1, C 

LR - LRAVE"~R4TE (STAFF/WEEK) ■ 

. S - STAFF (STAFPV 

TOJ - TIME ON JOB (WEJEKS)- 

■ HR.KL=AH. K/PTHK 11, R 

PTMF = 2 6 ■"/^ ■ 11.1, C 

ilR ' - HIRING RATE (STAf#/#EEK) 
AH - APPROVED HIRES (STAFF), 

PTME - MIRING TIME (WEEKS)' , ■ 

* \ . ' 

DELIVERY DELAY l^TC , 

. : - 

DIX,K^Q.K/AR, JK 12, A 

DIX^ - DELIVERY DELAY INDICATED (WEEK^) 
Q" - QUERY BACKLOG (QUERIES} 

AR ANSWER RATE (QUERIES/WEEK) 

DDPU.K^SMOOTH (DTX,K,UPT) 13^ A 

UPT^l J 13. 1 / C 

DDPU 1%LIVERY DELAY PERCEIVED BY USERS^ (DIM. 

' LESS) 

:pIX - DELIVERY DELAY^ iNDICATED (WEEKS) 

• ^UP'r - USERS' PERCEPTION TIME (WEEKS)' r . 

DDPP, K^SMOGTH (DDPU, K, PPT) . ^ 14, A 

PPT^2b ^ ' 14*1, C 

DDPP - DELIVERY DELAY PERCBtVED BY POTENTIAL USERS 
(WEHKS) ' ^; 

DDPU - DELLVERV DELAY PRHqillVED OYr USERS (WEli]^<l>)" . 

PPT PUTENIUAL USERS' PEliCEPTIUN TIME (WEEKS) 

DDPP ,K-SMC)OTH (DDPU.K, PPT) 15^ A 

PPT ^4 0 L'>-^7 C 

in)PE - DELIVERY DEr.AY PrnCETVED HY FUNDEU (WEEKS) 

DDPU - DEfaVEHY DELAY Pi;UCEIVED HY UHEUH (WKEKS) 

FPT ' FUNDHR'H FFHCHPTION 'J'lMl-; (WJ-JKKH) 



. LDDPM.K=SMO0TH(DIX.K,LMPT) IS,- 16, A 

LMPT=26 16.1, C 

. LDDPM - LONG TERM DELIVERS DELAY PERCEIVED BY 
MANAGEMENT (WEEKS) 
'i,. OIX - DELIVERY DELAY INDICATED (WEEKS) 
' C-. LMPT - MANAGEMENT'S LONG TERM PERCEPTION TIME ' 
(WEEKS V 

EFFECTS OP DD ' . 

PQ. K=PQN*EDDPQ, K . - 17, A 

PQ -, PROPENSITY TO QUERY (QUERIES/WEEK/USER) 

PQN - NORMAL PROPENSITY TO QUERY ./(OUBRIBS/WEEK/ ' 

USER) - 

EDDPQ EFFECT OP DELIVERY DELAY ON THE PROPENSITY 
TO QUERY.' (DIM. LESS) 

EDDPQ.K=TABLE(TEDDPQ,DDPU.K/DDN,Q,3,0.5) " ' 18, A , 

TEDDPQ=l.S/1.25/l/.8/.65/. 57/.b 18.1, T- 

EDDPQ - EFFECT OF DELIVERY .DELAY ON THE PROPENSITY 
TO QUERY (DIM . LESS) 

DDPU - DELIVERY DELAY PERCEIVED BY USERS (WEEKS) 

Ik 

DDN - DELIVERY DELAY NORM (WEEKS) 

EDDl- H.K^TABLE (TEDDER, DDPP,K/DDN/0, 3,0, 5) 19^ A 

TEDDER=1.6/l,47/l/.47/, 3/. 3/.3 V 19,1. T 

EDpER ■ - EFFECT OP DELIVERY DELAY ON ENTRY RA^E'-" 
^ , (DIM. LESS) 

DDPP - DELIVERY DELAY PERCEIVED BY POTENTIAL USERS 

(WEEKS) " - 
DDN - DELIVERY DELAY NdRM' (WEEKS) 

LONG ^TERM DECISIONS 

AH.K^(DH.K*EDDSP,K)"EECHR.K*S,K < ; 20^ A 

Ml - APPROVED HIRES (STAFF) , 

DH - DESIRED HIRES (STAFF) 

EDDSF - EFFECT OF DELIVERY DELAY ON THE SUPP.ORT . ' 

FROM FUNDER (DIm'. LESS) ^ ^ ' ^ ^^'■'^'^Jr^'' ^ 

EECHR - EFFECTIVE ECONOMIC CONSTRAINT ON HIRING ^" 

(DIM, LESS) 
S - ^TAFF (STAFF) 

DH.K^ (ALR.K*PTME)+DXS* K*S.K 21, A 

D\\ - DESIRED HIRES (STAFF) 

ALR - AVERAGE LEAVE RATE (STAFF/WEI^K ) 
' ^ PTME - HIRING TIME (WEEKS) ^'J^; 

DXS - nE^IRED EXPANSION OF. STAF F ( D IM . LESS) 

S - STAFF (STAFF) ^ . , 

ALR.K-SMOOTM (LR, JK.LMPT) . 22, A. 

ALR - AVERAGE LEAVE RATE (STAFF/WEEK) . 
LR - LEAVE RATE (STAFF/WEEK) 

LMPT - MANAGEkE:NT*H LONG IM'IRM PERCEP4^I0N TIME 
(WEEKBl. 
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DXS.K*TABLE(TDXS,LDDPM.K/LDDNM,0,3,0.5) 23, A 

LDDNM-0.5 ' 23.1, C 

TDXS— .2/-.15/0/.2/.35/.45/.5 23.2, T 

DXS - DESIRED EXPANSION OP STAPP{DtM. LESS) 
LDDPM - LONG TERM DELIVERY DELAY PERCEIVED BY 

MANAGEMENT (WEEKS) 
LDDNM - LONG TERM DELIVERY DELAY NORM HELD BY 

MANAGEMBNT (WEEKS) 

EDDSF.K=TABHL(TEDDSF,DDPF.K/DDNrl»3,0.5) 24, A 

TEDDSP^l/.75/.50/.40/.35 24.1', T 

EDDSF ' - EFFECT OF DELIVERY DELAY ON THE SUPPORT 
FROM PUNDER (DIM. LESS) 

DDPF -^DELIVERY DELAY PERCEIVED BY PUNDER (WEEKS) 

DDN - DELIVERY DELAY NORM (WEEKS) 

EECHR.K=ECHR.K*EEC.K 25, A 

EECHR . - EPPECTIVE ECONOMIC CONSTRAINT, ON HIRING 
(DIM. LESS) 

ECHR - ECONOMIC CONSTRAINT ON HIRING (DIM., LESS) 
EEC - ENFORCEMENT OF ECONOMIC CONSTRAINT (DIM. 
LESS) - 

ECHR.K=TABHL(TECHR,REVGL/REVIX.K,1,1.5,0.1) 26, A 

TECHR=0/.08/.15/.20/.23/.25 26.1, T 

REVGL=8 26.2, C 

ECHR - ECONOMIC CONSTRAINT ON HIRING (DIM. LESS) 
REVGL - REVENUE GOAL (QUERIES/WEEK/STAPP) 
REVIX - REVENUE INDEX (DIM. LESS) 

EEC.K"TABHL(TEEC,DP.K/NSUP,0',1,0. 25) 27, A 

TEEC=l/.45/*20/.07/0 27.1, T 

EEC - ENFORCEMENT OF ECONOMIC CONSTRAINT (DIM. 

LESS) , 

DP - DISCRETIONARY FUNDS (DOLLARS) 

NSUF - INITIAL START-UP FUND (DOLLARS) 

DF.K-DF. J+(DT) * (DIN. JK-DUT. JK) 28, L 

DF=NSUF 28. 1, N 

NSUF=15000 28.2, C 

DF - DISCRETIONARY FUNDS (DOLLARS) 

DIN - INCOME (DOLLARS/WEEK) 

DUT - REDUCTION IN UlSCRETIONARY FUNDS (DOLLARS/VjEEK) 

NSUF - INITIAL START-UP FUND (DOLLARS) 

DIN. KL-AR. JK*RECF 29, R 

RECP=10 % 29.1, C 

DIN - INCOME (DOLLARS/WEEK) 

AR - ANSWER RATE (QUERIES /WEEK) 

RECP ,- - RECOVERY FACTOR (DOLLARS/QUERY) 

DUT.KL=S .K*REVGL*RECP ' -30, R 

DUT - ROTJCTioN m'DiscwJiiamm '^ms {wu^s/w^)- 

S - STAFF- (STAPP) -^P '' a, "'4 

REVGL - RteVENUE GOAL (QUERIES/WWK-/STAF'F) ■ ff^""^-' 

RECP - RECOVERY FACTOR (DOLLARS/QUERY) ^\ ' M[$ ^ fi 



ALLOCATION OP STArF 

ASP.K-SMOOTH(DAP.K,ACT) - 31 

ACT-2 V C 

ASP - ALLOCATION OF STAFF TO PRODUCTION (STAFF) 
DAP - DECIDED ALLOCATION OP STAFF TO PRODUCTION 
(STAFF) ' • -^^ 

ACT - ALLOCATION CHANGE TIME (WEEKS) 

.DAP.K=MIN(IAP.K,ISP.K) ' JaV A V 

DAP - DECIDED ALLOCATION OF STAFF TO PRODUCTION' 
(STAFF) ' 

' , lAP - INDICATBD BALANCED ALLOCATION. OF STAFF TO 

PRODUCTION (STAFF) . ' 
ISP - STAFF NEEDED FOR PRODUCTION TO KEEP 

DELIVERY DELAY NORM ' (STAFF) • 

I^P.K^Q.K/(SPQR*DDNM) \^ 33 _ A 

DDNM-0.5 Ss'l C 

ISP - STAFF NEEDED FOR PRODUCTION TO KEEP 

DELIVERY DELAY NORM (STAFF) 
Q - QUERY BACKLOG (QUERIES) ^ 

SPQR - STAFF PRODUCTIVITY (QUERiES/WEEK/STAFF) 
DDNM ~ DELIVERY DELAY NORM HELD BY MANAGEMANT 
. , (WEEKS). 

ISM.K'^U.K*ANEED*NDBIAS ■ 34 A ■ 

NDBIAS=1 ^ 34 !l C 

ISM - STAFF NEEDED FOR MARKETING (STAFF). 
U ,- USE^S (USERS) ■ • 

ANEED - ASSISTANCE NEEDED PER USER (STAFF/WEEK/ 
USER) 

NDBlAS - BIAS IN RECOGNIZING NEED FOR MARKETING AND 
ASSISTANCE (DIM. LESS)' 

IFP.K=ISP.K/(ISP.K+ISM.K) \ 35, a 

IFP - INDICATED BALANCED FRACTIONAL ALLOCATION 'OF 

STAFF TO PRODUCTION (FRACTION) 
ISP - STAFF NEEDED FOR PRODUCTION TO KEEP 

DELIVERY DELAY NORM (STAFF) 
ISM - STAFF NEEDED FOR MARKETING (STAFF), 

IAP.K=IFP.K*S .K ^ 35^ A 

lAP - INDICATED BALANCED ALLOCATION OF STAFF TO ' 

PRODUCTION (STAFF) ' f/ 
IFP - INDICATED BALANCED FRACTIONAL ALLOCATION 6f 
STAFF T0^ PRODUCTION (FRACTION) 
. ; , S - STAFF (STAFF) 

ASM.K=S.K-ASP.K ' , 37 . .a 

ASM - ALLOCATION" OF STAFF TO MARKETING AND 

ASSISTANCE (STAFF) » - 

S - STAFF (STAFF) , . ■. ■ ^. . „ 

ASP - ALLOCATION OF SThF^'TO PRODUCTION ' (S&F) ' 

% . , ' ' ^ . i^^ f'\ 

.^V I * ■ 
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ErPECT OF MARKETING 

* ASTND,K^U.K*ANEED - ' , 38, A 

, ANEED^O.OOl 38.1, C 

ASTND - ASSISTANCE NEEDED (STAFF/WEEK) 
0 - USERS (USERS) 

ANEED - ASSISTANCE NEEDED PER USER (STAPP/WEEK/ ' 
USER) 

EMAER.K=TABIiE(TEMAER, ASTND. K/ASM.K, 0,3, 0. 25) 39, A 

TEHAER-2/1.55/1.3/i.l/l/.81/.7/.62/.56/.5/.45/.42/ 39.1, T 

.38 " ' 

DDN-0.5 , ' ■ 39.2, C 

PQN=0.035 • . 39.3, C 

EMAER - EFFECT OF MARKETING AND ASSISTANCE ON ENTRY 
RATE (DIM. LESS) 
' -ASTND - ASSISTANCE, NEEDED (STAFF/WEEK) 

ASM i ALLOCATION'^ OP STAFF TO MARKETING AND 
ASSISTANCE <STAFF) 
^ DDN - DELIVERY DELAY NORM (WEEKS) 

PQN - NORMAL, PROPtNSITY TO QUERY (QUERrBS/WEEK/ 
' USER) . . 

■ , . r ■ • , 

PERPORMANCE' AND OPERATIONAL MEASURES 

SAR. K=SAR. J+(DT) * (AR. JK) ' 40, L 

SAR=NSAR i , , 40.1, N 

NSAR=0 40. 2, C 

^-r SAR " - TOTAL, NO. ^OP ANSWERED QUERIES (QUERIES) 
/ 'AR^ ' - ANSWER RATE '(QUERIES/WEEK) 

SER.K=SER»J+ (DT) * (ER.JK)" 41, L 

SER=NSER « 41. 1 , N 

' NSER-0 41.2, C 

SER - TOTAL NO. OF USERS (USERS) 
ER - ENTRY RATE (USERS/WEEK) ' 

SRVIX.K«EDDER.K*EMAER.K 42, A 

SRVIX -, SERVICE INDEX , . 
EDDER - EFFECT OF DELIVERY DELAY ON ENTRY RATE 

(DIM. LESS) ' 
EMAER -X EPPEC't OF MARKETING AND ASSISTANCE ON ENTRY 
RATp (DIM, LESS) 

NER.K= (ER.JK-TR. Jl<) . 43, A 

NER. - NET 'ENTRY RATE (USERa/WEEK) 
ER - ENT;RY RATE (USERS/WEEK) 

.TR - TERMINATION RATE . '(USERS/WEEK) ■ ^ ^ 

YPUG. K« (SMOOTH (NER.K, 52) )* (5200) /U.'K 44, A 

YPUG ■ - YEARLY PERCENTAGE GROWTH IN USERS 
, NER - NET ENTRY RATE ^USERS/WEEK) ^ 
U " - USERS (USERS) , ' 
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■ ■; ■ X' ' • , ■ ■ 

QPUG.K^(SM00TH(NER.K,12) ) * (1200MU.K 

QPUG - QUARTERLY PERCENTAdE GROWTH IN USERS 
NER - NET ENTRY RATE (USERS/WEEK) 
U - USERS (USERS) 



45, A 



AGOWL.K^AGOWL. J+ (DT) * (GWR. JK) 

AGOWL^NAGbWL 

NAGOWL^O 

AGOWL/ - ACCUMULATED GOODWILL 
GWR / - GOODWILL RATE 

gwr.kl^Irvix.k 

GWR - GOODWILL RATE 
SRVIX - - SERVICE INDEX 



46, L 
46.1^ N 

46.2}. C 



47, R 



REVIX.K-AVQR.K/AVS.K . 

REVIX .-REVENUE INDEX (DIM. LESS) 

AVQR - AVERAGE QUERY RATE (QUERIES /WEEK) 

AVS - AVERAGE STAFF (STAFF) 



48, A 



AVQR.kaSMOOTH (QR. JK,STRA) m 

AVQR — AVERAGE QUERY RATE (QUERIES/WEEK) 
QR - QUERY RATE (QUERIES /WEEK) 

STRA - SMOOTHING TIME FOR REVENUE ASSESSMENT 
(WEEKS) ' 



49, A 
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AVS. K=SMOOTH(ff.'K, STRA) . 

STRA-26 , / 

AVS. - j^VERAGE STAFF (STAFF) 
S - STAFF (STAFF) 

s'Wa - SMOOTHING TIME FOR REVENUE ASSESSMENT 
(WEEKS) 

INITIAL CONDITIONS AND CONTROL CARDS 



QN=1 
SN-3 
UN=50 
DT=.2 

TIME=NTIME 
NT|i4E=0 
LENGTH- O' ' 

p£tper=8 

QN 

■ SN ' 
UN 



- INITIAL NO OF QUERIES 

- INITIAL NO. OF STAFF 

- INITIAL' NO. OF USERS 



PLOT U-U/Q=Q , QR*0/S=S , ASP=I/BR=E 



0 
Q 

QR 
S 

ASP 



USERS (USERS) 
QUERY BACKLOG (QUERIES) 
QUERY RATE (QUERIES/WEEK) 
STAFF (STAFF) 

ALLOCATION OF STAFF TO PRODUCTION, 



50, A 
50.1, C 



50.5, C 

50. 6, G 

50.7, C 

50.8, C 

50.9, N 

■51.1, c- 

51.2, C " 

51.3, C, 



51.4 



(STAFF) 
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PLOT EDDPQ»1 , EDDER=2 ,EMAER«3 , EMPER«4 (0 , 2) /DXS=' 
X(-l,l)/EECHR-C*EDDSPaS0,l) / 



51.5 



EDDPQ - EFFECT OF DELIVERS DELAY ON THE PROPENSITY 

TO QUERY (DIM r LESS) 

DXS - DESIRED EXPANSION. OF STAFF (DIM. LESS) 
EECHR - EFFECTIVE ECONOMIC CONSTRAINT ON HIRING . . 

(DIM. LESS) ' 

EDDSP - EFFECT OP DELIVERY DELAY 0^ THE SUPPORT , 
[ FROM PUNDER (DIM. LESS) 



PRTPER=4 8 



51.7 



PRINT l)U/2)Q/3)S/4)OR/5)HR/6)ER 

U ■ - USERS (USERS) , 

Q . - QUERY BACKLOG (QUERIES) 

S STAFF (STAFF) 

QR - QUERY RATE (QUERIES/WEEK) 

HR - HIRING RATE (STAFF/WEEK) 

ER - ENTRY RATE (USBRS/WEEH)' . 

PRINT l)SAR/2)SER/3)EECHR/4) YPUG/5)QPUG/6)AGOWL 51.9 
SAR - TOTAL NO. OF ANSWERED QUERIES (QUERIES). 
SER - TOTAL NO. OP USERS (USERS) 

EECHR - EPFECTIVB ECONOMIC CONSTRAINT ON HIRING i. 

(DIM,. LESS) . 
YPUG - YEARLY PERCENTAGE GROWTH IN USERS 
QPUG - QUARTERLY PERCENTAGE" GROWTH IN USERS 
AGOWL - ACCUMULATED GOODWILL 
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Def inition of Variable Nain#s 



ACT Allocation change time (week) 

;^ AGOTOj Accumulated goodwill 

1^ AH Approved hires (staff) ' , : 

ALR ^ Average leave rate (staff/week) / 

ANEED Assistance needed per user (staf f/week/ufeer) 

AR Answer rate (queries/week) 

^ ASM Allocatidn of staff to marketing and assistance 

. (staff) \ , 

ASP Allocation, of staff to product idp'-^^^^ff) ; 
ASTND / AssliStancie needed (staff/week) ' 

AVQR -Average qTiel'y rate (queries/week) 

/ fhVS Average staff (staff) ^ "'.^ 

DAP , Decided allocation of staf f ^ to production 

. (staff) - . ^ , ■ 

DbN Delivery delay norm (weeks) ' 

DDNM Delivery delay noriTi held by managemant (weeks) 

DDPF " Delivery delay perceived by funder (weeks) 
DDPP Delivery delay perceived by potential users 

^ (weeks) ^ ^ 

\ DDPU Delivery delay perceived by users (weeks) 

DF Discretionary ■ funds (dollars) 

DH Desired hiares (staff), 

DIN Income; (dollars/week) . 

DIX Delivery delay i^indicated (weeks) 

DUT Reduction in discretionary funds ' (dollars/week) 

DXS Desired expansion of staff (dim, less) 

ECHR Economic^ constraint ori hiring (dim. less) 

EDDER Effect of delivery delay on entry rate (dim/ 
lemml ^ ^ 
; EDDPQ Effect of delivery delay on the propensity to 

query (dim, less) 
EDDSF Effect of delivery delay on the support from 

fundey (dim, less) 
' EEC Enforcement of economic constraint (dim. less) 

' EECHR Effective economic constraint on hiring (dim, , 
less) . 

EMAER Effect of marketing and assistance on entry 

jrate (dim. less) 
EMPER Effect of market penetration on entry rate 

(dim, iess) 

EQAAR Effect of query availability on answer rate 

'i .(dim, less) ^ 
ER ^ Entry fate (users/week) 

FPT Funder'^s perception time (weeks) 
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GWR . 'Goodwill rater' , \ • 
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UR \ Hiring rate (staff/week) * " ' 

' ^' \ ^ -'^ ^ \ ■ ' ■ / ..' / . ^^■i';*'. 

lAP Indicaitisd balanced allocati^^ to i ■> . , 

productijbn • (staff) ' ' U^^'; 

lirP. Indlfiate^ bala^ed fractional allocation of v 0 ^ 

staft to^productibn (fraction) ^ ; . 

ISM Staff^n^de4 for rnark-etirig (staff) : ^ 

iSP . Staif /Weded fdr production t^ keep delivery ^ v 

delairj norm (staff) ' . 
LDDNM Lpn^' term delivery delay norm held by mariiW 

gemerit (weeks) : . / v / v 

LDDPM Long term delivery delay perceived by mana-^ ^ ^ 

gement (weeks) ^ . ' 

LMPT Managemipnt^B long tarrti perceptiori time (weeks) = 

LR Leave rate (staff /we#k) • V t 

NDBIAS Bias in recognizing 'ifteed for marketing and 

. assistance (dim, less) 
NER Net entry rate (usersA?eek) -i ^ / * 

NSUF Initial start-up fund (doliarB) 

' ' ..i 

PPT Potential users^ perception ^ime (weeks) ^ 

PQ^ Propensity to query , (queries /week/users) . , 

PQN Normal propensity to quety (queries/week/ ■ 

users) 

PTME Hiring time (weeks) / ./ ^ ^ 

PU "Potential market (users) 



Q ^ Query backlog (querltes) 

QN ' " Initial no.'^ of querleS 

QPUG Quarterly percentage growth in users 

QR ; Query rate (queries/week) > 

RECF Recovery factor (dollars/quer^. : . '-/^^ff^:-.:^ 

REVGL Revenue .goal (queries/w#ek/staf f ) > 

REVIK Revenue index (dim. less) 

S Staff (staff) ; 

SAR Total no. of ans.wered q\aeries (queries) 

SER. TothI no, of users (users) 

SN Initial no, of staff 

SPQR Staff productivity (queries/week/staff) 

SRVIX Service index ^ 

STRA Smoothing time for revenue assessment (weeks) 

TOJ Time on job (weeks) 

TR Termination rate (users/week) 

TRN ^Termination rate normal ( fraction/week) 

U Users (users) 

UGN User growth rate normal (fraction/week) 
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UN Initial no, of iisers / ^ . ; 

UpT ; ^ Users^ perception time fwee^^^ 
f :^UG Yearly percentage growlH in users 
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Model Indfix 



NAME ■ NO T bBFlNITION, 



WHERE USED 



5 



K 



. XGT ' . C ALiidi^TliN CHANGE TlMi' (WEEKS) 

iftSOWL . 46 L ACCUMULATED GOODWILL j_:2l 
^■V'r.'. ^ "46'. I N ' . ' vi> ' 

' ' PRINT, 51. 9 • ; ''' 

AH - ;^, 20 A APPROVED HIRES (STAfP) 

; 'hr^r/ii , ^ ■ . ■ . 

ALR 22 A AVERAGE LEA.\(E RAitE (STAPP/WEEK) . ■ 

; DH,A,2i ■ ■ ' : .v' V" ' , " ■ 

ANEED 38.1 ;C, ASSISTAklE NEEDED PpjiSER {STAFP/WEBK/ ,• 

■':t°''yC^: USER) ^ ■ ''i- '' *■ V ' ; 

ISM,A, 34^tND,A,38 : ■ - , ^ 

AR , 3*' ,R' ANSWER RATE (QUERIES/WEEK) - 

Q,L, 1/DIX,A,12/DIN;R, 29/gAR,L,40 
ASM 37 A° ALLOCATION OF ST^FF TO MARKETING AND 

ASSISTANCE (STAFF) ■ 
, ■ EMAER,A,39 , . X .iX 

fiBP 31 A ALLOCfl^ION OF STAFF TO PRODUCTION (STAFF) 

) AlR,R,3/ASM,A,37/PLO|?>5i.4' 

ASTND 38 A ASSISTANCE NEEDED (STAFF/WEEK) .. 
f ' EMAER,A, 39 

AVQR 49 A AVERAGE QUERY RATE (QUERIES/WEEK) 



38 


A 


A, 39 




49 


A 


A, 4 8 




50 


A 


A, 48 




32 


A 



AVS 50 A AVERAGE STA^P (&TSBiF^^; . . , ' 

DAP 32 A DECIDE^ 'AlilOCATION OF STAFF TO PRODUCTION 

i . (STAFR)'^;.;;, ' ' ' ' 

, DON 3 DELIVERY DELAY NORM (WEEKS) ; i 
EDDPQrA, ^ ^ DDER,A, 19/EDDSF,A,24 

PDNM 33.1 C DELIVERY DELAY NORM HELD BY MANAGEMANT 

(WEEKS) 

ISP, A, 33 ; 

DDPP 13 A DELIVERY DELAY PERCEIVED BY FUNDER (WEB'KS) 

\$iX EDDSF,A,24 ' 

-^^fPP / 14 A DELIVERY' DELAY PERdEIVED BY POTENTIAL USERS 

' ' / (WEEKS j 
- EDDER,A, 19 

DDPU 13 A DELIVERY DELAY PERCEIV|D. BY USERS (WEEKS) 

' ' DDPP,A,14/DDPF,A,15/EDDPQ,A,18 ' . . 

DP 28 L DISCRETIONARY FUNDS (DOLLARS) :« 

'2B. 1 N : '■ 
EEC, A, 2 7 

DH V 21 ' A DESIRED HIRES (STAFF) 

AH, A, 20 ' ■ : : 



ERJC j^. 



DlU 29 R INCOME (DOLLARS/WEEK) , / 

' pp,L>28 ■ . ■ ■ . ' . -.. *' ' 

. blX ■ 12 A DELIVERY DELAY INDICATED (WEEKS')/' ' 

, DDPU , k, l 3/LDDPM , A, 1 6 ■ . , ^ 

• -DT'- ■ ^ 50.,8 C ' ■ ■ ■ ■ -V 

; Q,L,l/UrL,5/S,L,9/DP;L,28/SAR,L,40/SER,.L,41/AGOWL,L,46 
^'WT 30. R -JiHXICTlON IN'DISCraTIONARY FU1©S iDOLL^/mm)' ' 

, DP,L,28 ; ; : ; 

OXS 23, A DESIRED EXPANSION OF STAFF (DIM LEqqV ' 

:'\ DH,ft,21/PLOT,51.5 V . j^Doa;, 

ECHR 26 A ECONOMIC CONSTRAINT ON HIRING (DIM LESqi 

EECHR,A,25 \uxn, uiL^b) 

EDDER 19 a; effect OF DELIVERY DELAY ON ENTRY RATE 

(DIM. LESS) ■ • U ' 

ER^R,7/SRVIX^,42 
EDDPQ ^18 A EFFECT OP DELIVERY DELAY 'ON THE PROPENSITY 

TO QUERY (DIM. LESS) 
, . PQ,A,17/PLOT,51.5 ■ 
EDDSF 24 A EFFECT OF DELIVERY DELAY ON THE SUPPORT ' ' 
' - . PROM PUNDEA (DIM. LESS) ^ 

. AH,A,20/PLOT,51.,5 , 

EEC , 27 A- ENFORCEMENT OF ECONOMIC CONSTRAINT (DIM ' ^ 

' LESS) ^ . 

EECHR,A,25 

EECHft 25 A EFFECTIVE ECONOMIC CONSTRAINT ON HIRING ■ 

(DIM. LESS) 
' AH,A,20/PLOT,51.5/PRINT„51.9 : ' 
EMAER .39 A EFFECT OP MARKETING AflM^SSlSTANCE ON ENTRY 

RATE (DIM. I,ESS) ' 
ER,R, 7/SRVIX,A,42 • , . 

EMPER a A EFFECT OF MARKET PENETRATION ON ENTRY RATE 

(DIM. LESS) 

■ ER,R, 7 ■ , : " - . 

EQAAR. ■ , 4 a; effect OP QUERY AVAILABILITY ON ANSWER RATE. 

(DIM.' LESS) ' 

4ar,r,-3 ■ ' 

7 R ENTRY RATE (USERS/WEEK) ■ 

U,L,57SER,L,41/NER,A,43/PRINT, 51. 8 
PPT 15.1 C FUNDER'S PERCEPTION TIME (WEEKS) 

pDPF,A,, 15 , , V ^ ' , > 

GWR' 4 7 R GOODWILL RATE f~ / 

AGOWL,L,4 6 ■ _ 

' 11' R HIRING RATE (STAFF/WEEK) 
S,L, 9/PRINT., 51. 8 



lAP 36 A 

DAP, A, 32 

IFP : 35 



INDICATEp" BALANCED ALLOCATION OP STAFF TO 
PRODUCTTION (STAFF) 



A INDICATED BALANCED FRAjCTIONAL ALLOCATION OF 

STAFF TO PRODUCTION -(FRACTION) '( 
lAP, A, 36., . - . ' i 

ISM 341' A STAFF NEEDED FOR MARKETING (STAFF) 

I PP # A ^ 3 5 
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ISP 33 A STAPP NEEDED FOR PRODOCTION TO KEEP 

' DELIVERY DELAY NORM (STAFF) 

DAP,A,32/IPP,A,35 

LDDNM 23.1 £ LONG TERM DELIVERY DELAY NORM HE^-D BY 

MANAGEMENT (WEEKS) ^ 
DXS,A,23 , ■ 

LDDPM 16 A LONG TB^RM DELIVERY DELAY- PERdElVED' Iy 

MANAGEMENT (WE ERS)' . ' 
.• DXS,A, 23 , , 

LENGTH 51.2 C « 

LMPT 16.1 C MANAGEMENT'S LONG TfRM PERCEPT ION TIME 

, (WElkS) 

LDDPM.A, 16/ALR.A. 22 . . 

LR 10 R LEAVE RATE (STAPF/WBEK) 

^,L,9/ALR,A,22 ' ' , , / 

NAG0WL,; , 46.2 C I ' ■'■ 

AGOWL,N,46Vl I ' ' .--vt^t, ' ' -''^f-/^i.:: '.'h■ 

nmlm 34.1 C BIAS IN RECOGNISING NEED 

^ ASSISTANCE'^ (DlM. LESS) 
' ISM, A, 34 / 
NER. ' 43 A NET entry; RATE (USERS)^WEBK) 
YPUG,A,44/QPUgM,45 ' 
' NSAR - " 4 0. 2 C' ' '. ; 

SAR,N,40.1 ^ , . , : 

NSER 41. 2 C Y ■ 

ser;n, 41.1 ■ , t ' ' v 

NSUP' '28.2 C INITIAL- START=UP FOND , (DOLLARS) 

, EEC,A,27/DP,N,28.1 

NTIME '51.1 G ' / 
TIME^N, 50.9 

PLTPER 51. 3 'C 

PPT / 14.1 C POTENTIAL USERS' PERCEPTION TIME (WEEKS)/ 
. DpPP,A,14 ; / 

PQ 17 "A PROPENSITY TO QUERY (QUERIES/WEEK/USER) / 

'tQR,R,2 _\ . / 

PQN 39.3 C NORMAL PROPENSITY TO QUERY (QUERIES/WEEK/ 

USER) : 

PQ,A,17 

PRTPER 51.7 C" 

PTME 11.1 C 'hiring TIME (WEEKS) 

' HR,Rai/DH,A,21 
PU , 8.2 C POTENTIAL MARKET (USERS) , 

EMPER,A,8 , C 

Q 1 L QUERY BACKLOG (QUERIES) 

la N- 

EQAAR>A,4/DIX,A,12/ISP,A,33/PLOT, 51. 4/PRINT, 51.8 
QN 50.5 C INITIAL NO OP QUERIES 

Q,N,1.1 -, 
QPUG 45 A QUARTERLY 'PERCENTAGE GROWTH' IN USERS 

PRINT, 51. 9 .■ - . 



:'qr . ■ 2 , r^^ query rate (queries/week) 
vq;l>i/avqr>a,49/plot,5i.4/erint;5'1.8 

RECP ,29.1 C RBCOVER!^ FACTOR (DOLtARS/QUERY) • ' ' 
,D1N,r;29/DUT,R,30 : . .' ' 

REVQL 26.2:Cv REVENUE^OAL (iQUERIES/WEEk/STAFP) 
ECHR,A,26/DUT,R,30 ' ■ 

REVIX i 48 A REVENUE INDEX i(.BIM. LESS) 

Efi'HR.,A,26 , — ; 

S ' ' 9 L STAFF (^TAFF)^ ■ 
: ' ^ 9.1 N . 

LR , R , 1 0/AH , A , 2 0/DH , A , 2 1/DUT , r', J O/I AP , A , 3 6/ASM , A , J7/AVS 
50/PLOT, 51 . 4/PRINT, 51. 8 
SAR 40 ,L TOTAL NO. OP ANSWERED QUERIES {QUERIES) 

: 40.1 N ' 

PRINT, 51. 9 - ' 

■ >S£R ;ji ■ L total no. op USlRS ■ (USERS) . 

' ' 4i:. i N • ■ ■ ■ ■ . 

.; PRINT,51.9 , . " ■ . . . : . . " ; • . . , . / , 

.SN ' 50.^ C INITIAL tio. OF STAFF 

^- '■' S,N,9.1 • ■\ ~ ^ ' ■ 

' SPQR , ' 4. 2 C STAFF PRODUCTIVITY (QUERIES/WEEK/STAFP) 
V AR,R,3/1SP,A>33 
SRVIX 42 A SERVICE INDEX 
■ GWR,R,47 i . 

STRA< 50.1 C SMOOTHING TIME FOR REVENUE KssrSSMENT 

(WEEKS) 

AVQR,A,4 9/AVS,A,50 . 
TDkS ' 23.2 T TABLE FOR DXS ■ ' - = ■ - ^ , 

■ DXS,A,,23 ■ ; . , , ■ ' v.; . - -v,- : ■ : ■ 

TECHR 26.1 T TABLj; FOR ECHR • ' « ' 
ECHR,A,26 / 

TEDDER 19.1 T TABLE FOR EDDER ' " ' ' 

EDDER,A,19 , ' ' ' b' 

. TEDDPQ 18.1 T TABLE FOR' EDDPQ ' ■ 

EDDPQ,A,18 , : ■ , ' 

TEDDSF ; 24.1 T TABLE FOR BDDSF . 

eddsf;a, 24 

TEEC 37.1 T' TABLE poR EEC 

EEC, A, 27 : : 

TEMAER 39.1 T TABLE^-FOR EMAER ' 

EMAER,A,39 
TEMPER 8.1 T TABLE FOR EMPER 

,EMPER,A,8 * ■ 

TEQAAR 4 . 1 T TABLE FOR EQAAR 

.EQAAR,A,4 • 
TIME 50.9 N ' 

TOJ 10.1: d TIME ON JOB (WEEKS) 

LR,R,lb . ' . 

TR' ' 6 R Termination RATE (users/week) 

U,L,5/NER,A,43 

TRN. • 6.1 C. TERMINATION RATE NORMAL (FRACTION/WEEK) 

.. TR, R, 6 , , . . 
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5 .• L USERS (USERS) 

f ' . . . -s.x u ■ . > ■ 

■ QR,R,2/TR,R/6/BR,R,7^EMPBR,A,8/lSM/A,34/ASrND,A/$8APUG,A 

,44/QPUG,A,45/PLOT, 51.4/PRINT,51.8 • i 

OGN * 7.1 6 USER GROWTH RATE NORMAL (PRACTION/WiBK) \ ,; ! 

BRf Rr 1 ' ■ ' * ■ ' "" ' i 

ON 50i7 C INITIAL NO, OF USERS «' . j 

u,NV5vi^ r - ^ . ■ ' ' .■ i ■ , \ 

.UPT '^'^t' 13. 1 C USERS' PERCEPTION TIME (WEEKS) - >^-^c^' i\ 

DDPU,A, 13,.: . " * . • , ■ : '' ,', . • \\ 

YPUG 44 A NEARLY 'PERCENTAGET GROWTH IN USERS 1 

PRINT, 51. 9 ' 



^4 "i' 



'it;.;- 



ERIC 



Cone ise model l isting 



167 



, JSSa.DVNA'MO 

OO^tfl * ISS'2|, 
NOTE ' 
NOTE 



00002 
', OO003 

■•. 00010 

0001 1 
00020 
00030 
00040 

is 00041 

■00042 
00Q50 
00051 
00060 
00061 
00070 
000 71 
00080 
00081 
00082 
■O0090 
00091 
00100 
00101 
00110 

' 00111 
00112 
00113 
001d4 
00120 
00130 
00131 
00140 
00141' 
00150 
00151 
00160 
00161 
00,162 

-.00163 
00164 
00170 
00180 
00181 
00190 
0^91 



L Q.K^Q. J+{DT) * (QR. JK,--AR. JK) ^■ ' 

R ' iA^i:kt#^SP.K*SPQR*EQAAR. K 

A EQAAR,'K-TABHL(TEQAAR,Q.K,0,0.02,0. 00 5) 

T TBQAARfO/.l/.5/.9/l • 

c spQR=io , A :^ r' n';. 

L U. K=U/J+ (DT) * (ER.^0K-TR,aK) . 

:n u-un ' ' " • ' ' : T ' 

R, TR. KL=U.iC*TRN ' ^ ■ 

C TRN=0, 02 , V • , 
^R ER.KL={U.K) (UGN) (EMAER.K) (EDDER.K) ^MPER.K) 
C , •UGN=0.0374 " V , ■ ; % 

A EMPER.K=TABLE{TEMFER>U.K/PUrO,r*0. 2) 
T TEMpER=l/l,..05/li/il/l.,05/,,80/p ^ 
C PU-2 000 ' . 

L ' S.K=S.J+ (DT} * (HR.JK-LR. JK) ; ' / 
N S-SN 

R Lk. KL=S .K/TOJ ^ 
C TOJ=2 00 ' . ■ " . 

R : HR. KL^AH.K/PTME |. 
C ^P^Ef26 : • , ■ ' 



DELIVERY DELAY ETC, 



NOTE 

NOTE 
NOTE ■ 

A DIX.K=Q.K/AR.JK v 

A . DDPU.K=SMOOTH (DIX, K.UPT,) 

C ' UPT = 13 , 

A DDPP. K-SMOOTH (DDPU. K ,.PP'T) 
C PPT = 2 6 } ■ : 

A DDPF.KpSMOOTH {DDPU.K ,;PPT) 
C PPT=40 • . 
A LDDPM . K=S M00#' ( D I X , 
C LMPT-26 
NOTE 
NOTE 
NOTE 
A 
A 
T 



K,LMPT} 



EEFECTS OF DO 



PQ.K=PQN*EDDPQ. K , J = 

EDDPQ.K=TABLE (TEDDPQ , DDPp^. K^DDN , 0 , 3 , 

TEDDPQ=1 . 5/1. 2 5/1/. 8/.6:5/. 57/, 5 
E DDE R. K=;r ABLE (TEDDER, DDPP. K/DDN, DT', 3 , 0 
TEDDER=1 . 6/1 . 47/1/. 47/. 3/4 3/. 3 
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00192 

0019 3 
00194 
00200 
00210 

00 220 
00230 
00231 
00232 
00240 
■0 0 241 
00250 
00260 

01 261 
00262 
00270 
00271 
00280 
0 0 281 
00282 
00290 
00291 
00300 
00 301 
00 302 
0 0303 
0 0-3 10 
0 0 311 
00320 
00 330 

331 
340 
fl341 
=$0 3 50 
00360 
00370 
00371 
00372 
0 0373 
OOS&'O 
00381 
00390 
00 391 
qp392 
00lg3 



NOTE 

NOTE LONG TERM r^EC IS IONS 
NOTE 

A AHiK=(DH.K*EDDSP.K),-EECHR.K*S.K 

A DH.K»(ALR.K*PTME)+DXS.'K*S.K 

A ALR, K=SMOOTH (LR. JK.LMPT) ' 

A DXS.K=TABLE(TDXS,LDDPM.K/LDDNM,0r3,0.5) 

C LDDNM»0. 5 . • 

T TDXS--.2/-'.15/0/..2/.35/.45/.5 ,. 

EDDSF . K=TABHL (TEDDSP , DDPP . K/DDN ,1,3,0.5) 
TE DDSF = 1 / . 7 5/ . 5 0/ . 4 0/ . 3 5 , 
EECHR. K»ECHR. K*EEC.K 

ECHR . K=TABHL (TECHRjf REVGL/REVIX . K , 1 , 1 . 5 , 0 , 
TECHR=0/.08/.15/.2ft^.23/.25 '-^ 
REVGL=8 

JEC . K=TABHL (TEEC , DP . K/NSUF ,0,1,0.25) 

TEEC=l/.45/.20/.07/0 
DP.K-DF, J+(DT) * (DIN.'JK-DUT. JK) 
DP=NSUP , , , 

NSUP'lsdoO . f;: - ■ 

D'tN.KL=SR. JK*RECP 
RECP=10 

DUT . KL=S . K*REVGL*RECP 




A 
T 
A 
'A 
T 
C 
A 
T 
L 
N 
C 
R 
C 
R 

NOTE 
NOTE 
NOTE 

A ASP. K=SMOOTH (DAP.K , ACi'' 
C ACT=2 

A DAP . K-MIN { I AP.-K^ ISP, K), 
A '; 'I^P , Kiq , K / { S PdR* DDNM ) 
C DDNM=0.5 

A ISM.K=U.K*ANEED*NDB1AS 
C NDBIAS=1 ^ ' 

A IPP. K=ISP.K/(ISP.i#ISM, 
A IAP.K=IPP.K*S.K 
A ASM. K=S .K-ASP, " 
NOTE 
NOTE 
NOTE 



1) 



ALLOCATION OP STAFF 



K) 



K 



EFFECT OP MARKETING 



ASTND. K=U. K*ANEED 
ANEED=0 . 001 

EMAER. MUTABLE (TEMAER, ASTND . K/ASM . K , 0 , 3 , 0 
TEMAER»2/1 . 55/1 . 3/1 . 1/1/ . 8 1/ . 7/ . 62/ . 56/. 
DDN=0.5 , , 
PQN = 0 . 035 ■ ■ - 



.25) 
5/. 45/. 
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00394 

00395 
O0396 
1,00 

Joi 

"TO 02 
00'410 
00411 

.00412 
00420 
Q0430 
0 0440 
00450 
004 6f 
00461 

' 00461 
00470 
00480 
00490 
00500 
00501 
00502 
00503 
00504 
00505 
0050.6 
00507f 
00508 
00509 
00511 

00512.: 

00513 - 
00514 
. 00 515 
00516 
00517 
00518 
0=0 519 
00521 



1^ 



NOTE 
L 
N 

q 

L 
N 

c 

A 
A 
A 
A 



#RPORMANCE AND OPERATIONAL MEASURES 
(AR.JK) 



L 
N 
C 
R 
A 
A 
A 
C 



SAR.K=SAR. J+ (DT) 
SARsNSAR 

NSAR=Q > ' 

SER. KiSER. J+ (DT) * (ER. JK) >a '1 
SER=NSER ■. . ■ . «s 

NSER=0 

SRV-fX.K=EDDER.K*EMAER.K 
NER.K={ER.JK-TR. JK) 

YPUG.K-(SMOOTH(NER.K,52) ) *(5200) /□ . K 
QPUG.Ks (SMOOTH (NER.K , 12 ) ) * (1200 ) /U . K 
AGOWL.K=AGOWL.J+(DT) *(GWR.JK) 
AGOWL«NAGOWL 
NAGOWL-0 
GWR.KL=SRVIX.K 
REVIX . K=AVQR . K/AVS . K 
AVQR.K=SMOOTH (QR. JK,STRA) 
AVS.K=SM0OTH (S.,K,STRA) 
STRA=26^ ' 



INITIAL CONDi i'lONS AND CONTROL CARDS 



NpTE 
NOTE 
NOTE 

C QN=1 , ' " ■ ' 

C SN=3 ' , " ' ■ 

C UN=50. ,, ' 

C DT= .2 . C' . 

N TIME=NTIME 

C NTIME=0 

€.. ' LENGTH = 0 

€ PtjTPER=8 ..t . . ' 

PLOT U»U/Q»Q,iS=0/S=S,ASP=%/ER"E 

PLOT EDDPQ=1,EDDER^2,EMAER=3,EMPBR=4 (0,2)/ 

X DXS=X(-1,1)/EECHR=C,EDDSP=S(0,1) 

C .PRTPER=48 ' ' : 

PRINT 1VU/2)Q/3)S/4)QR/5).HR/6)ER 

PRINT 1 ) SAR/2 ) SER/3) EECHR/4 ) yPUG/5 ) QPUG/6 ) AGOWL 
RUN 'V: 




; IV, MODEL TESTING 

Judging Model \?alldlty 

There is no established norm for judging model validity 
mo^l ^v^lidity is a real tive .matter and depends on the 
moGeU purpose. One of the purposes of the present study 
' is tollexpl^ln t^^ ISS'sp tie model will , 

th^*^l>^ve ^rjyi- to "rep^^uce" ul Lual system beha- 
^^^^ior^-ti^'- comparison of ^fmulatlon results and actu 
V al^^behavidr it i& conmion to apply statistical methods. 
^^Sbmdifcimes ^ however/ this is not possible or desirable, 
^^Forrester diicusses nonquantitative model validation 
!||:l96i, pp. 128-129) I ' 

:^'h model will be cast in rajmerical form in order ttet our 
statements will be spMific and unambigous. Such state-^ 
mentSp however^ often arise fran beriefs about relative 
magniti:^es, limiting condition / aM ^^^bable cor^^ences. 
' The niJ[Tibers that a^^r in ^ such a rradel often do npt de^ 
rive in any analytical or statistical ymy fran sp^if ic 
numerical data fran tiie operating syston. 

? ^ ' ^ ' ' ' ^ ' 

? ; Quantitative valldatl©! of a. model should be done when 
' possible ana when the anticipated results are ^cp^ted to 
y justify the cost and '^fort. Howwer^ if womt of the con-- 

tent of a model . is dravm fran nonniiDTierical sources in the 
forrii )■ individual personal knowledge and %/^bal and 
v^itten descriptions ; the defense of tiie rrodel will usually 
reat on the same kiMs of knawledge." 

In assessing the r^allB^vHof . the simulation results in 
Chapter two we usted the approach discussed by Forrest-^ 

Sensitivity. Test% 

The contsequepces of changes in parameter values must 
be teste^ to get an indication of the sensitivity of th 
model to such changes . .To an extent this form of leasl*^ 



7 



171 



tivity analysis is done continously. as the model is de- 
veloped^ and the result of these tests is that- import- 
ant parameters are identified, the values of which will 
have to be verified by empirical evidence before the* 
model^ development " can proceed. Some 'paramet4'^^^ill • 
affect the simulation results little , an3|')^^gfchese , 




arces on 



parameters it is not necessary to spend 
obtaining ^ rical evidence . ' 

■ ■ ' ■ ' . ^ . ■ 

For the model ISS2^ for eKampld, the usrir <Jrdwt|i/ ra€e 
normal UGN determines' the speed of the overall- growthlNti 
development- It was therefore \neGessary Vto f in^^^rSQ^ 
empirically based estimate for, 0®l_as disciassed on p.° 
116. EKftmples of parameters that do riot affect the simu= 
lation results in any significant way are the ' users""^ 
.^rception time UPT and the potential user s^"^'^^ perception 
timi'e PPT. No further attempt was made to find estimates 
of these parameters, . , ^ ■ ^ > 




is not possible to test all combinations of paramet- 
which is a limitation of the sensitivity tests i 



"Thus the modeler may' miss a ccmbination of parameters 
vAiich will have a dranatia effec^t .qn /^onclusions* This 
danger is one disadvantage lif siiiMlatlon npdels canpared 
to analytic 'models. Becai^^of this limitation, the model- 
er must select teose parameters for testing which his 
urderstahdii^ of tiie systeri suggests are important, rather 
than try to test mmerous changes in the hopes of ■finding 
one #iich will produce an lirportant effect.'- (Shaffer, 
1976, p. 300) . . ■ 



h simplified description of ISS2 can illustrate what 
parameters are important i the basic activity represent- 
ed in ISS2 is the process^ing of queries, and the way 
the ISS manages this processing has direct effects on 
the rest of the ISS/user/f under system. The p^rametera 
that have a direct impact on the physical flow of quer- 
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ies largely determine the behavior of ISS2, These para- 
meters are given in Figure 15 (the definitions of vari- 
ables are, given on p, 159 ff • ) , 

In addition to pointing, out needed empirical evidence, 
the sensitivity analysis can identify important deci- 
sion variables. These variables afe often not amenable/ 
to empirical validation since they represent policy op- 
tions. ■HoweV'er^ by simulating changes in these vari- , 
ables it is possible>to get a. basis for, pblicy; analysis 
for the system. . ' ^ , 

The focus in the present study is on manag^fii^l -^.i^i^ 
sion making and therefore we have assumed a '€Mp^Aibti be- 
havior on the part of the f under. We have consequently^ 
not regarded the parMieters that determine s?taff , -.H^j^^vS^i 
possible decision variables^ although 'they have a sig'rif 
f leant impact on t^e simula^tion resuits. The number of 
user;s^ V , is the primary determinant of the query rate 
a^d the parameters that influence^ lJ ^;a^e possible deci= 
sion variables. The results of the €e1i^' of these para- 
meters are given in the discussion in Chapter two Jp. 
84 ff.) where^also the implications for managerial de- 
cision making are given. ■ [ 

M odel Runs Discussed in Chapter Two 

The figures in Chapter two were produced by running the 
model ISS2 with parameter values according to the fol- 
lowing I 

Figures 11-^a and 11-^b , 'length^2l0 

Figure 12 length=240, ndbias^2 

Figure 13 length=2407 tedder^ 

' ■ 1.5/1. 3/1/. 8/. 6/. 4/. 3 ^ 
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Figure 15 
The flow of ' queries in ISS2 



Thtf^^t'iscuasion of managerial decision making in Chaf>ter 
two is based , on the 'results of the following simulations 
with the final iveraiOTi of the model (the length of all . 
runs is 240) t 



SN^l and NSOT^SOOO 

SN"2 and NSOT^IOOOO ^ ■ ' 

SN-2.5 and NSlffi^l2500 

^SN=4 ard NSOT^20000 

SN=10 arri NSra^lOOOO 

Nffilffi=2 :^ = 

NE61AS=0.S 

NmiAS^l,2 , 

. mDDSE^l/1/1/1/1 aM lEOE^O/ 0/0/ 0/0/0 



TEDOE^l . 6/1 . 25/1/ .7/ * 4^ . W . 1- 
•rmCE^l . 5/ 1 . 3/ 1/ . 8/ . 6/ . 4/ . 3 
TmOP^l . 25/1 . 1/1/ . 9?/ . 85/ . 80/ . 75 

lEDDPfr 1 . 75/1 . 55/1/ . 7/ 35/ , 5/ . 5 

TE^^2 .15/1 . 4/1/ . 94/. 88/ .84/ . 82 

TEDS^i . 15/1 . 4/1/ . 65/ . 45/ . 25/ . 15 

WDW^l . 5/1 . 56/1/ . 94/ . 88/ .84/ . 82 

P^0.b2 

PU=500 

PU -770 

PIN1200 

Pl>1500 

PU=3000 

PLN7000 
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An explanation of the 
coming stagnation of 
information searcii services 

Mais iG. Lindquist 



Keywords: Information search services, Systems anaiysiSi Simuiation studies, 
, ' System dynamics 

Absifact: Analyies of tjie on-line saarch mirkat have bean subject to sevtral 
serioiis misconceptioni concirning the service rftaiierSj. i.e. the information . 
search sirvicis (ISS). One of the consequences of this is that the ISS powth 
potential has been overeitimated. The paper points out that, even if there is an 
oxerali growth in on-line searchin|, the individual ISSs wiU typically show a 
stagnation after just over two years. Since the averaga operative age of an ISS 
is about two years, it is poisible that even the aggregate growth in the next few 
years will Be loss than the present. This desline in growth rate is not inevitable 
bm likely. / 

i 

and there isy^ indicatiun that the growth 
will slow d^^^h the near future^. 

The ovgrair annu|| growth jate in the 
information Services market, i,e. the pro- 
vision of search eapabilities and data basest 
has been estimated at 30%^ with a projec- 
tion of even highoK growth in the future. On- 
linfe searching^'alQne has grown dramatically; 
the volume of searches performed on the 
Lockheed system in M 973 was 20 times the 
1970 figure, and in 1975 there were ISO 
timis as many searches as in 1970^. The 
structure of the market for information 
search services, in terms of suppliers and 
diitributors, also seenis to have been stabil- 
ized around 1973-74^^. 

Together, these developments cuuld be 
the basis fuf expectations of growth for 
information search services, i.e. the informa^ 
tion retailers whose customers are the end 



1 intfoductipn 

Information related activities are becom- 
ing increasingly important in otir society, 
whicil seems to be becoming fundamentally 
infornmHon based*. In particular, the pro- 
duction, Nhstribution and consumption of 
scientific and technological information have 
experienced an accelerated rate of growth; 
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our society ............ seems to have changed 

into a fundamentally In forma tlon -based one. ' 



uHt$ of ' tiif infomiation, Thay are in a 
marfeit whara the only trend is growth. 
There is, however, something else that has 
to be taken into account, namely Uie lack of 
established knowledge of the iSS users and 
the market, a problem that identified 
and emphasiied in a 1974 study ofreiaarch 
needs related to technical and scientiflG 
information^. 

2 MiSMnetptioni regarding opera- 
tional ISS 

The insufficient knowledge about ISSs 
and their markets has led to some serious 
misconceptions which in some ways have 
hindered both proper learning and growth of 
oparativa ISSs. The most important miscon- 
ceptions are discussed in the following 
Sections. 

2,1 Age of ISS 

The length of time a typical ISS has been 
oparational is often oveiastimated. It fs true 
that most search sys terns have been available 
sjin£^ 1&69*70, and a few even longer"^ , but 
*this)must not be confused with, the availa- 
bii*fy of the retailing search service. Of all 
the ISSs participatirig In the SDC impact 
study®, about 44% had had access to the on- 
line systems for one year ^r less, and another 
44% between one and three years. Con- 
llderlng, in addition » that the first year's 
operation is often less effective owing to 



substantial organizational adjustment efforts, 
we 'must conclude^that ISS operation is still 
musmfancy. * » 

2.2 Staff produativity 

The number of searches a person can 
perform ^ is often overestimated, which is 
particularly serlQus if the sponsor of the ISS- 
bases his stafflng decision on this estlmilev 
The reason for tha^verestim|tlon could be 
that there Is a bias in the answers from 
searchers regarding search time per query * 
since a shaft learch time would make com- 
puterized ii ten ture searches look more cost- 
effective. Survey answers might then be 
more Ideal than teal, meaning that the in- 
dicated search time does not Include a 
reasonable overhead time, tn an operational 
environment, overhead tim^ is significant 
and includes administration^ system break- 
downs, scheduling delays* and other dis- 
turbancis. The direct search tinie seems to 
vary greatly depending on the philosophy of 
the ISS; some services spond relatijfely little 
staff time per search, whereas others spend a 
great deal. One hour seems to be a typical 
search time, which Is indica^d.by the S©C 
study^; but the very short time at the 
tmmifwtt^^n value^ 19 J minutes; median 
value 15,3 mi^tes) reveals that the search 
requestsfmust be of a relatively simple kind. 
The corresponding time for the NASIC 



k¥e must conclude that ISS opera tion 

is still in its infancy. ' 



Oii4JMjicvi«w 



'The reliance on institutional funds or grants 
^ timit$ the population of potential users more 
severely than is commonly acknowledged. ' 



service at MIT is almost double (ma^ value 
37 minutes)*®. another ISS operating in 
a^uhiveririty afti research 'environmenjt, the 
Royal Institute of Technolo^ IDC, gives an 
aytriii search time of |,9 hours**. The con- 
clusion froiti this disdui^on is (hat, for an 
ISS opera ting in % rastjfr^h environment and 
dealing with reliliv|l^^^compIex search .re- 
quests; the number iof searches per staff per 
week must be less than 20, and that a feasible 
Jong-run average is abDUt 10. 



2.3 Applicability of priaing policies \ 

Considerable effort has been spant on 
dlicussipns of ISS pricing policies. It is clear 
that priee has some effect on the number of 
incbming search requests, but ISSs do not 
operate in u normal market economy. Until 
the cost for searching has come down to 
10% or maybe 20% of today's cost, we 
cannot expect the and user to' pay for the 
service out^of his own pocket. The reliance 
on instffttional funds or grants Umits the 



/i^0$M in a pos/fhn where we do not hd))^e as 
nwhh experience as we think ' 



population of potentiai users rrtore severely 
than is commonly acknowledged. 



2.4 Sisis for systtm analysis 

The applications of variQUs system 
analysis techniquas to aspects of ISS opara^ 
tion have been legiofi, but in genfral too 
little emphasis has been put, on factBrs QUt^ 
side the ISS itself. In mo|t ISS models, the 
representation of the ulers and their influence 
« too simplifled: The most serious omission, 
however, is that of the influence, of the 
' sponsoring unit's actions^^^ ^ (gg model 
for managerial decision making must tal^e 
into account the effects of' both the UseH^ 
and the sponsor's actionsr *^ , v /■ 

Frankly, we are in a position where ^ve do 
not have as much experience as we think, we 
are less efficient than we like to think, our 
market is smaller than we think, and we do 
not take into account all the necesskry 
factors when we analyse our problems. 



3. Analysis of ISS growth 

To gat an idea of the future growth of 
individual ISSs; it is not sufficient to extra- 
polate trends, but it is necessary to make a 




jnora thorough |tudy off the factors determ- 
^ng growth. It js ^teo.. necessary to avoid 
misconceptions arra omlssions^'of important 
Influences, Finally, it must be realised that" 
what will happea to an individual ISS is not 
necessarily ^-scaled'^down equivalent of .what 
will happen in the , information search 
industry as a *whol^;4hr service suppliers and 
the search ^rvicis do different kinds of 
business. 
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\ By ipoking, at7t^ 
the yiewppmffcof 
canitrutf^^rf^ 
relevant ^Mii; /f^ 
sideriiig the fact^ 
can also make rftorS 
"^JTh^ simulation^ model 
such an adequate basis f^r 
where ISSs are heading 
system dynamics type^^ and inbludes all the 
majot feedback loops that atTeit^the growth, 
in terml of /lumber of users, ofja typical ISS 
in an academic environment. The results of 
the syitem analysis and simulation runs with 
the model show that the hypothesized refer- 
ence behavior (ate Fig. 1) is indeed fully 
explainable wit^h the variables chosen and is 
a consequence of the structure of the 
systeni, whish .includes both the users and 
the sponsor. . ' 

A prediction* of stagnation- for operative 
units in a market characterized by aggregate 
growth requires an explanati&n. The basic 



Stagnation 7s ...... ..... not a mystery but 

a consequence of the activity in the system, ' 



On*Llii€ Revtew 



, 'ThQ decline in JSS growth rate is iiiceiy, but m 
migfjt asic wfiether or not it is inevitablG. ' 



Number 
of u$er$ 



ProjBcfion 1 
^ ^Proiecfioh 2 

Actual 




Fig. I Typicai ' 
deyefopntent of the 

of users of an fSS 



tnechanism cmj^ described by three causal 

bops (Fig, 2). 
Xoop 1 is typical formast business and 
, Service activities; as ^incss vohime goes up. 
expansion is needed arid more resources 
acquired which can rtiake it possible to 
handle mor business. ' Loop 2 is the. con- 
gestion loop. As business volume goes up. 
the fact that queues, develop rtiakes the 
service less attractive a;id discourages 
business, ISSs easily becoitie congested, md 
at least part of the reason for this is^ a focus 
on saarch requests instead of users: capacity 
planning is done on basis »pf ^how rnany 
questions can we answer?* rather than liow 
iimny users can we serve?' The point is that 
accepting a user should be a long term com^ 
mitnient. Until it is seen as such, we can say 
that too many users are admitted to the 
service. This, of course, would not be the 
case if the sponsor would expand the 
fcsuurces for the ISS quickly enougli. How= 



ever, the typical sponsor wants to be sure of 
an established need for more resources 
before he grants expansion (Willing risk 
capital is indeed rare), but, by the time the 
need is established, thqrc is already con^ 
gestion, which also hinders expansion (loop 
3), One reason for the lutfpr effect is that 
the *excess' number of users reduces the 
throughput, since the ISS staff is forced to 
spend time on user assistance, which will 
lowep the revenue/cost ratio and activate 
economic concern on the part ol the sponsor. 

Fig, 3 shows the result of the computcf 
simulation of 1SS2. 



4 Imph'catiqhs of the analysis 

The simulation results will not be dis^ 
cussed in detail here, but thpir implications 
will be explored/Thoy meaVi that the 'two 
years plus'.sta^nation is no^ a mystery but 4 



consequence 'of the activity fn the system. 
Su stagnition should not be unexpected, 
and, when it □ccurs, it does not necelsarily 
mean that the market is penetrated. 

It is interesting to note that a similar stag- 
nation was typical for SDI services. For 
these, stagnation did not occur until after 
about four yearSj a difference which could 
be a result of a larger market for the typi^ 
cal nipjor service, ai^d probably systeniic 



30% (see Introduction) is consistent with the 
simulation results, since the average age of 
existing iSSs is just over two years. In esti- 
mationr of a likely ISS growth rate in the 
near future, the implication is that the 
typical ISS will stagnate but the annual 
average girowth rate will stabilize somewhere 
aroiind 1042%/ 

The dedine in ISS growth rate is likely, 
but wei^might ask whether or not it is inevit- 




Fig. 2 The Basic mechanism 
for ISS grow(h 
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differences bet>veen SDI and ISS services as 
well. 

The reference run of the simulation 
model shows rapid initial growth. In about 
the second year, the annual growth rate is 
approxiniately 30%, and after that it de- 
chnes to between 10% and 12%. The growth 
in search requests (queries) is shghtly higher 
but fuUows'the same pattern as the number 
of users. The estimated aggregate growth 
rate for the^formation search industry of 



able. In principle it is not, for there are ways 
to influence the development and achieve a 
higher growth rate until market saturation is 
reached. Since problems well stated are half 
solved, we can look at the previous explan- 
ation for guideftnes towards solutions. If the 
negative effects of congestion could be miti- 
gated, higher growth would be achieved. 
Such' an effect could be achieved either by a 
change in the link between congestion and 
business volume, or the Link between con- 



'Comp/ex systems are typ/caf/y insensitive to 
policy changes. ' 




7f 



gfstion.aiid fXpani|on, Sitnulltlon runi i^Uh 
ISS2 verify Ihis conclusion. ^e .reiMife 
mattnliig of thtsa Qhangai is greater tolerance 
to leng fisponie tirne un the prt of u^ri, 
and gFtater undarstanding and willingnisi to 
invest on tha part of the fundtr , rispeetivily, 
V Jhere is in irrational feature of complex 
systami that make these possibla highar 
growth rates less likely. CpmpleK syitims 
arOi typically, insensitl^eto policy changes*^; 



it siems that sueh systems can saldom be 
niade to exhibit a difArtnt behavior rrip^#. 
At the same time, hpwtif^r. l^pmplex systems 
can shov^ great iensitiMj^|B^ ks&n 
changes in key param^tei^^r an ISS, tfne 
key parameter Is the ipdii^if 'i wllllnpe^ 
, invest, but Qurrerit treiiii towardi iriereaied 
\^ecorioiTiic ccncarn^^ does nut entourage 

A different poiiibility for developinenf 
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that could Invdidata our prgdlctidft' li thit' 
of intfgration of ISSs and other fnftrmiU^f^i 
uiilitiai l^ero iian Jcademic conseniiis (hit 
if^r^as^ in sar^bf rapartoira w give 
a^^Standilly . higher growth potentiil-?. 
H^bwivfr, there is at present not rruch 
slructui^f in the Qpafitive domain on which 
such adivrersificition. 



5 SufTirTiary 

^ The findings from tHe Analysis disQUiied 
in this paper cin^B^ sumniarizad as folio vms. 
The growth, in numbor 6f usars, of a typical 
ISS In a research orleiUe^. envirofirriant, Is 
characteri?,ed by initial rapiB growth, i *lwo 
years plus' siagnaiion knd, following that, % 
ilower #owth of about 10^12^ annuiUy. 
Since axisting ISSs are young, we can e^peci ' 
a atygnatlon in the coming years /for tffe 
typical ISS. Un iss new ISjsare €it^bli|^act, 
therfe could be ita|nation, in the industry ai 
a whole. The stagnitlon Is not ineviESle but 
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